12 United States Patent
sSong

US011844215B2

US 11,844,215 B2
Dec. 12, 2023

(10) Patent No.:
45) Date of Patent:

(54) THREE-DIMENSIONAL FLASH MEMORY
DEVICE SUPPORTING BULK ERASE
OPERATION AND MANUFACTURING
METHOD THEREFOR

(71) Applicant: SAMSUNG ELECTRONICS CO.,
LTD., Suwon-s1 (KR)

(72) Inventor: Yunheub Song, Scoul (KR)

(73) Assignee: SAMSUNG ELECTRONICS CO.,
LTD., Suwon-s1 (KR)

(*) Notice: Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35

U.S.C. 134(b) by 315 days.
(21) Appl. No.: 17/058,948

(22) PCT Filed:  May 28, 2019

(86) PCT No.: PCT/KR2019/006362
§ 371 (c)(1),
(2) Date: Nov. 25, 2020

(87) PCT Pub. No.: W02019/231205
PCT Pub. Date: Dec. 5, 2019

(65) Prior Publication Data
US 2021/0217770 Al Jul. 15, 2021

(30) Foreign Application Priority Data

May 29, 2018
Jul. 16, 2018

(KR) oo, 10-2018-0060897
(KR) i, 10-2018-0082128

(51) Int. CL
HOIL 27/11582
H10B 43/27

(2017.01)
(2023.01)

(Continued)

(52) U.S. CL
CPC ... H10B 43/27 (2023.02); HOIL 23/5226
(2013.01); HI0B 41/27 (2023.02); GI1IC
16/16 (2013.01)

(38) Field of Classification Search

None
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

9/2013 Shima et al.
12/2014 Shinohara

(Continued)

8,941,768 B2
8,907,402 B2

FOREIGN PATENT DOCUMENTS

CN 114975452 A * 8/2022 ... G11C 16/0483
JP 2011-253943 A 12/2011
(Continued)

OTHER PUBLICATIONS

“Son et al., 3-Dimension Non-Volatile Semiconductor Device Hav-
ing Source Line, 2016 (Year: 2016).*

(Continued)

Primary Examiner — Jarrett J Stark
(74) Attorney, Agent, or Firm — Lee IP Law, P.C.

(57) ABSTRACT

Provided are a three-dimensional flash memory device sup-
porting a bulk erase operation and a method of manufactur-
ing the three-dimensional flash memory device. The three-
dimensional flash memory device supporting a bulk erase
operation 1ncludes: a string including a channel layer
extending in one direction and a plurality of electrode layers
stacked vertically with respect to the channel layer; an upper
wiring layer on the string; at least one intermediate wiring
layer arranged between the plurality of electrode layers
through the channel layer in an intermediate region of the
string; a lower wiring layer under the string; and at least one
connector arranged 1n the at least one mtermediate wiring
layer and connecting, to each other, at least two channel
layers divided by the at least one mtermediate wiring layer.

11 Claims, 40 Drawing Sheets




US 11,844,215 B2

Page 2
(51) Int. CL FOREIGN PATENT DOCUMENTS
HOIL 23/522 (2006.01) Jp 2014-053585 A 3/2014
HI10B 41727 (2023.01) KR 10-2008-0067281 A 7/2008
G11C 16/16 (2006.01) KR 10-2011-0001527 A 1/2011
KR 10-1263182 Bl 5/2013
KR 10-2015-0067811 A 6/2015
_ KR 10-2016-0020210 A 2/2016
(56) References Cited KR 10-2016-0095557 A 8/2016
_ﬁ KR 10-2017-0062870 A 6/2017
U.S. PATENT DOCUMENTS WO  WO-2019231205 Al * 12/2019 ... HOLL. 23/5226
9,035,372 B2* 52015 SONE .eovecoveveerenn, H10B 43/27
257/314 OTHER PUBLICATIONS
0,224,752 B1  12/2015 Lee et al. |
10,217,758 B2 2/7019 Oh International Search Report dated Sep. 20, 2019 for PCT/KR2019/
10,283,518 B2 5/2019 Lee et al. 006362,
11,195,842 B2* 12/2021 Leobandung ......... HIORB 41/27 Notice of Allowance dated Nov. 25, 2019 for corresponding KR
2006/0190313 Al 8§/2006 ILu App No. 10-2018-0060897.
2011/0180941 Al 7/2011 Hwang et al. Notice of Allowance dated Dec. 10, 2019 for corresponding KR App
2016/0190313 Al 6/2016 Koval et al. No. 10-2018-0082128.
2017/0154892 A1 6/2017 Oh
2021/0217770 Al*  7/2021 SONE .eoveoveveeeenn, H10B 43/35 * cited by examiner




U.S. Patent Dec. 12, 2023 heet 1 of 40 US 11,844,215 B2

:’T
o
g
4
E
L
4
s
»
L
;

.
.* .
xr

‘*

] a 1 <
-"'# h Ml -':1 w1
| - | g B! L
' L] 1 - “aT. )
. - - . - L
) v ..| hl-" & ~ "l-,
e : ' e R A o u
e - ¥ . o » - . .
. i -t [ ¥
5" : : e : b *
""- A #'..- .' . '*' ..':'- '.- L} -.‘- h‘. RELELEEE L -'ll . . 'I.*’.' N '.-
" i - - e o . " : s i ol . -
- Tu - -
._IF' I.- r L .j; * T . i l," rm [ ‘!1
- F 1 L . FE L] - ™ . ]
._r" I: .: . 'Fl_i- .- ...'.' . . - : .r_‘__.‘- : ::
L 1 [ ] ] I L " ] - N
> : P : h : : : 3 : :
-'I: -'1- ..- . LN F] Lo L] , - *. - omW 1) 1 ] .'
R i - o O - v - gt oy "
. - n i At _w L] R - ] L . ' ] ' L
. r r . - =Tk |Fi' - - T T L -
LK - & ] LI ] . w L ' ] - L] - L] . . L
:.- 1‘ |. - u P ) -4' i M h'.. -": . 4 -'.-"11 1 ’ - . L " N f =" L)
. ., ,‘ ﬁq_i_1_4_4_4;*‘_1_1_4_4_4_4_4_4_4:-._1;-“_!_4_4_4_4_4r&_4_r_!_{_#:*.:..._h‘}_i_4_4_1_4_4_4_4_4_4_i_ir;f‘fi_ﬂ_i_l 4‘4_1:“_4_';.;1_4_4_4_4_4_4_4_4%_4}_4_4_4_4_1_4.*4_4_4: - % _4_41-1';_4_4_4_4_4_4_4_4_-{_:}_5{ _r_q_q_4_4_4_4_4r-|l_|l,'_p':-r_d|_d|_d|_4_4_4_4;j_d| _4_4_4_4_4_4r'¥:_r_4_ - a8 3 T U B
oW " " - - e il Lo ; L o . ' '..'f' ¥ o oy A "J""
. ¥ r ] § - ir [ ] -l-| [ ] ]
"'-.'.-" 'r.;. T * T u v - - " * i - o " A
r 3 i i "
.’I . r" ..- I-"-‘ 1‘1 .a _,." L} _.-._q . k]
a T, o S
s N o - E N - " :
- -..- r - L 1= L) 2 - L] - ' l'll
R ;‘ﬁ_ : o -_T_- Voo : ) r S t i ST " o . o
- . - M a - - r .
.“b'... - i. %‘r.‘r. drldrlﬂrldr.drldrldrldrldrl4'.4'.4"lr:i"dr:-r‘drldrlq'lq'lﬂrldrlt‘dr‘drlq'l-l’dr;i‘;-.:i}. drldrldrldrlﬂrldrlidrldr.drldrldr.drlﬂrldr.drldr‘-:drldrldr.drlﬂrldrldrlq'ldr;-t‘ lr}:.drldrldr.q'lq'ldrlql#:‘q'ldrltr‘l;#"; Ildrldr.drlﬂrlq'_dr‘q__#_-i‘:q"drlq" . 4":4 iy lrlldrldrlﬂrldr.drldrldr.dr:dr‘drldrlﬂrldr.drldrl#‘t‘#:th'lq'ldrldr‘#‘drldr - - : r-__lﬁ
. 4 'l_i__ . A -~ N S i " . = i ya s . . . 1o . : - .
?ﬂ,&.‘u s - : . :" " " . % 1 > e - b o ¥ 2 .
1o i - : 2 R o 5 L . - :
1: n i -I":l'. . " u - I.\‘:. T o . iy 'r..-"'-‘
P N ,ron i - " P - " - > - . b * iy o
¥ 2 ] . ...‘-. & . i . . Ny I|I.|.‘l- » i .“l- i-\.-' X o y R r » .:
LI 1 . . - — . N . N 2 6 - . . " X N " e .
e “.ﬂ. Mg #_-.-_.-_.-_.-_.-_.-_-.-_.-_.-_-.-_.-_.-_.-_.-_._-._._._-._._._._._._-.*—._._.-_1...._._-..;.;‘- ‘-"-"-"'-"-"-"-"-"-"-"-"-"'-"-"-“-"-"-"'-"-"-"-"-"-"-ﬂ-"+"-"-"-"-"-"-"-"-"-"-"-"-"—"-"'-"-"-"#"-"-'-"-'-p'a-'.i_"-i'i:f-'-"-"-'-"—'—"{-"i- s R R e I ‘I..I'Fl . L)
t-"!l o " ’ - i ‘u :" :" . " . u =" T3 m N - ’ v ek : M . :
Jp-_..,‘. l|l:"\ql-~|. " - s - N i - - ,-"'l . . "y ] &
- E . |__ b ] _ - ¥ A ] - T L u, II
u 'n,‘l""- } . ' g at o . " . v R Ll
* ! . ' i - . " - . " »n
# -, - '.. » - .-.".'." . ' M - 1 1-.'- ¥ - - ¥ * .."-‘- ::
e % Jr N ',, T x ' i i t N P ‘e Y F N -|. - - L 4 . v
:ii . . F:. . * ST LR "-.l_-.|“-. LT TR "_-."_-._:.1.:*-‘-"_1"1 et "_1#« "'1"'1"'I‘:"+.':";'.:. APE N FENE TR b-._:._-._“_-"- "_1"_1"_:":!1 ‘-Ilbq';b-.-‘_--ﬁ.-b-._-b- TP |.::."|.:_..' ‘1"_1"_1*1*1"_1# PR _.+..: ";i'.:.' SR Ir--__-|"_-| Tt "_-"_-._--:‘1"_1 LTI R T 0 IR TR T UL TR PO o "_;'_-"_- Tt "1"1._]-.‘—._ R L N ‘# IR b-.;% ; SN
s n [ ] & r - '] L - ~ & r - . - - N " L]
¥ - . L I - '] 3 L oam = N . . ; "y
m'lﬂi. " I 4 . - o ',-"'. .- E 5 . T Mo A
Mol I N » - i 0 . P A
oy . or - . - . - . .
[ ] . ' L | - - -
Y i R . o - etk : : S o
" - N - - 1 - r = e a L & - . - i . A
_“ 1 ‘ _ F L 1 _h, L | nt* + i 1 " 4 L
3 L ' rrrrrrrrrrrrrrrranrrrrrr. g ‘t--I----'-"-'--'.—.""-'-"--..'-"-"--:I-.L---I----I-I- - - 1‘- ;- B T Y T T T I a AR g A SRR Y - b .-'l"j:
h5 . -d". . _ iRt * - - '-E }“ A p s . A
! 1 . rFl - r 1 ‘- -- - N )
. LT v o " h . ¥ - % i - K T " - .
U . .'ll-‘ X W% . N v Ty .
"a n I-- .'. " '.l- .._:_ . 1. v Ta '. » "T.
a1 L 'y % T S i = T W Ty . . .""‘I
a - - - rd r n 1 . o ] - - - .
. } LN ﬁ‘ - * . i - ' o % s . . . . . "
. Ey , . - . | i} . v . . . P .
. " .' 'l- TR ETETE TR -'-'-'J-'i‘-'.‘i 'I'I'I'I'l'l'I'l'l'l'I'I'I'l'fI'I'I'I'l'l'I'l'l'}--"l'l'l'I'l'l'l'l'l'l'l'l'l'.‘.'l'l' I'I'I'-tl'}-' T T T T T T T TR TR ETETETETETETE R R R . --J' '-b:‘ . . .I
‘.-I. LN 8. + = N h r ’ " L ] 3 . ‘.'-_ " . L]
R IO M i ;o ~ A : X " R - ;
' . . . ' ' . . . 4
e & F ] 1 " ] L] ] L]
:J. ... h-'* .:.:: § : § 'F':'Ft § --: - N : "l'#' ::
i r § [ w, L] - L L] . -
r: { -.- ..- ',.!‘; , -j . _: I,,:-'. ..- . : . 1 :.|- I,._I N - N \ r .,..-! ::
. . ' . y e y - . =T ) - =g 3
4 = F 0 & r [ ] = & 4 ] L] b L] L] - 4
'I‘lr !‘.-' .l' T#!###*ﬂ',l‘#!##!‘l‘i'll"-l'l'i'i'l'i'!#4‘4‘4‘}'1‘-.‘1’4?’_‘#4‘!##*##4‘#l'll'i'4'4'4'4'4'4'4'4'4'4'4'4'{.l‘l########ﬂ#ﬂ######'#ﬁ'*#'|4~-hﬁg Jrardr'.drq'arJrerrardr‘-#_drJrlr#######4’#4'4’|l’:#4’##4’#4’"# #######Lﬂ.### ":.._'f'rdrl T oo
- T |" i"‘I » . r" - |" ..- " 3 '.| 'a . - - . [ ¥, 'J. 1
TR e P L : : ' P iy : - p
. - . h
. 0 i o i ; : R 2
- vl L] \ ' N L] - . ] 1
Lo dE e . P X : ¥ A - : a ==
) “iy - wou - s . W v oL b i - - o T * v ol : _;’:.A
. ; v . .
-:‘..'u :.l.: ) . "'- i L . ¥ 1 . "y W% 1 ¢ - - v T |p- ' :J' - :
-!' :'.'i"'i-th‘v'l - '] L . 5 WL 1 T A »
:J : :- ."_'--" :j :.: .‘.':1 ‘ : L :J. l..: - " .'.:‘
- - . \ . . . . Loy r . +
1 - a gt '_"".': u I.- :’l'* [ .-:*.: '.l- “-‘ . - L s - § i*
r| " r \' - - * Tr u I.- - § . i '.l- L] ' § 'J. . [ § .I
[ [ ] k . L r & - 1 ] - r n L] - - - L .
- - - " . ] '- " . .
' ¥ ) '-"'-"'-|-"'-"'-|-"'-"'-|-"'-"'-|-"'-"'-|-"'-"'-|-"'-"'-|-"'-"'-|-"'-"'-|-"'-"'-|-"'-"'-|-"'-"'-|-"'-"'#—"'-|-"'-"'--"-|-"'i"-|-.M"'-"'-|-"'-'—'-'—'-'—'—'—'—'—'—'—' -"-."-p"-."-p"-."-p"-."-p"f-p‘. "'-"'-|-"'-"'-|-"'-"'-|-"'-"'-|-"'-"'-|-"'-"'-|-"'-r-"'-"'-"'-|-"'—#ﬁ"'-"'-|-"'--"-|-"'-}'-"'-.i-"i-"'-"'-'—'-'-r'-"—'-'—'-'—'-"—'- T T Ty T e T _-*--_--_--_--_--__--_--'l-_--_--_--__--_--_-.-_--_--‘p-_--_--_--_--_-_ ) Ly _'-I_ . : ‘.
o 5‘ ,f.!' ' - W - i o ! aowt . kS - Rl X "
;o e -~ P i iV r * . . . v ' Vo : .
N .-:"\-ll" i . . Ny - - Ny ¥ .-l"‘ L)
s '-.. "- . L . ‘. ¢ \ o " X L3 ."|, .I
LE -+ :Jl l.'.‘ ..I' -l- L] ' L] l' .I" L] - ] . - .l. II
- - - - w -
“ 'y ‘.;: L P q:b'lr o . " l*:-b " b'}y'l—':lr ..Flqu'-'lr T T T T I:b N %b .{'b PO l*“b e -.-':;. Lol |r:.I-'\'|r o b'b:l- ke kbl h‘:b.'ﬁb N N S |=|r N N S b‘ﬁib.b »- |r:; .'."l?' [ [T
. e . .. . -
:;l Y W - LI - e N \ i s . .
i (" & . " N . . E . . i i § " A .
- ] r = - '} '.l Fl - - [ ] . &
-~ | | L] | | L] - 1 | | - - - [ ] -
L] r r - - -
"."'1 [ I Ll X ""'1 i u = S 'l_.-. " . >
‘ L » o L] h = 'J'-'.‘_ L] ¥ . ¥
. '{ . n W . . . ._ ) . . . . A .
LI -l: -Ta - ali e - = L L + 0N g 3 - . T . R E .
aw [ ] L | A B BN BEEBEEREENEREREENEERERENRREALIHE LENRNRERHEZHN] i‘i'_l‘i I E Y R E R EEEEEEEREER ] ‘iiiii‘ii_i’.ii‘iiiiii'i L B N NN N L W L ] LA R R R EEERENENENENENRNREH:N.] L E R T A R EEEEREEEEREERERERSEILERERNE.®:SHSH},] L 4 .f"
L L ol "." E, ! L+ ,:'r L . o 1 : w1
- . - 4 . i ol L . . oL - " W Ta - A .
’ . o . . " W% :' ? - v s . . . .
- n ] r- o - . ) : m
F - . § & [ J - - L] 4 ] L] o J
- | | 1 .-" r l} _.I‘ v r - ' .-'
- - - ¥ w LI - . .
. .. f":- u . .F . J-""': " - B B N . ' -
‘i |-. { r: -.-'{. -\,.: £ N L . . : .. . . ‘I-. W - ' " = Y A " " > )
-|-$.|_¥_I_r. L | l!-l'-l'-i'-l'-l'-l'-l'-l'-i'-l'-l'-i'-l'-l'-l'-l'-l'-i'-l'-l'-l'-l'-l'-i'-l'-l'ﬁli’l’-ﬁ:-l#}-."_.l“#l'l’i’i’l’l’l’l’i’i’l’i’l’#:ﬁl’i’i’i’l’l’l’i’# l'*#-l'l’l’l’l’i’i’l’l’l’l’i’#lli’i’l’*tl’l’:‘# _ﬁ"ﬁ#i’l’l’l’i’l’l’l’l’l’i’i’l’# rrrrrrrrrrira> #:#l’l’l’l’l’l".‘l’l’l’l’l’l’l’#ki’l’l’l’# 4 :-l_ "~ - L .I
LI i L] - -.'.‘L| s i i ' . - A . ] . T o L] . A ::
- . "x J i . - » M - - . X : |; L)
v - ) J . L
2 e FE \ : i : : ¥ Y v L :
X xS ":’_ N L .-.._ .- R . L] . |:'I ’1' . - h- . - ] . .I
'] $ " ; "x : r: - ._hk i - R & :i. :i ...'- ¥ . - - N : E . e L .
.l y i'{ - 3 EEEEEEENEEEEEEREEE - ENELEEELE 'I_'I_'I.‘..'I_I..'l.lhil_'I_'I_'I_'I_'I_'I_'I_'I_'I_-'*I_'I_'I_'I_'I_'I_'I_'I_'I_'I_'l_'I_LL‘,LL‘.LL‘.‘.L‘.‘.T.‘.F.‘_‘_‘_‘_‘_‘,&_’_‘. '!.!,.:-l‘_-'.‘ W W W W W W W W W M W W W W W W W _W_W_W_W_W_W A E W W W _W_W_wW_m_ 'I_'I_'I_'I_'I_'I_Iw:_l_l_ *, e v ww
. - » r - — » ]
1:- 1: _‘.‘* A LI . Loy, L . . i 9 . _'i . ! . : ) :
1-:.1 : r: :.- : 1 ;.i :: :.- II'.-" . - . ;l : N
b I T, =
_ 1 r - . . ] - " ] X
xa L, i A e 4 . . - e
. .:.. S a A I i Y RN .. - 1 . i
* : L] L] \ L R ' - (R r X, . -
I L 2 . - s : - A .
N . L L WN#‘J Ll
-J:' . . r: |: * . i 1] . a w L » . 4 4 v : =T
r - - r n - - - - r -
WO e, e i . 0 ) ‘ s ou 1 - Z iy v ¢ A s
* u I.- __.ll-.' " u '.|- . - " ___.Il' : = - ¥ 'J. : :j '.' :
- .',"u. . L - . S % - " .._'- . . 4 - P r:ﬁl
" r, *r- iyt i u I.- * " l" s '.l- L. - r . - ¥ 'J. [ & 'I
Te ¥ IJI ri "1 n™ - u - L n ] . L L} - . - ] L L3 s Ty - Y u
’ "l %:" I: * .. 1"""‘l‘l‘l‘l‘I‘I‘Ikl‘l~l‘l~l‘lkl‘l~l‘l‘l‘l‘l‘l‘"l‘l“E‘l"l‘l“.“l::;.-';.:l-"l"l"l"I“I‘"I“l‘"l“l‘"l“l‘"l“l‘"‘-}-‘l“I‘"l“l‘"l“l‘"l“l‘"l}-"':b"l"I‘"l“l‘"I“l‘"I“l‘"l“l‘"l“l‘"l"-*l‘|~‘!$1l~lklu~lt;tﬂl‘l‘lkl‘l~l;b‘-u ;;...“.‘1‘I‘k"l‘"l“l‘"l“l‘"l“l‘"l“l‘ ‘l:‘l l‘"l“l‘"l“l‘"l‘“"l“l‘"l“I‘"l“l"l“l:l“l'"l“l‘"l‘"‘l ] "'* 'I.\‘:.*': .J ::
A - | . A . | u . ;
ok ' ¥ r - - N ] - - ¥ * ~ .
L] . -.Jll-.l' - - 1 ] L - LI a - ] - - L] :
b ‘.‘. ' - :J. -_'-I' l: _ A . Ll ,,. [ ] . _-Ill. [ | h -'-_ h': . L] r -‘ ::
- . > : ' X3 o : : s :
5 - r F] . ..:1. - H T . »
o, - . -y v * - ‘. \ .
e ---f“ . . s 1 - - . .
i.- 4 T r ] & ] . .
LREL - ; ' : ; : '
LM L | rll . l__ i ur N 1‘_ :
y . " - Y - T % ) . .;
e a ) ; 4™ 'h 4 i : : .
I T o - on "% 0 i . - k- R e . 4 . oS
1 T .  r ] x . - I ; .
l' o .E‘-: -“'_“"_“"_“"‘_“"_“"‘!—"-L"""-"‘""‘"""-""" ""‘.':‘" """‘""‘""""'""_“"_'"_'"‘""_"‘"“_'_“ - _"‘"‘_"_"""':"‘" S R A R e i 1""' ""‘"" “""‘_"_““"-L-‘"‘_"" “""_"_“"_“"_"‘_"‘_"i" - b e '* '1:ﬂl
- - 1. - - B Sl Y™ o - : .
ot T A i ¥ oY i : T -. S
‘h-_*-’ - - N i i ¥, 1 a E 1 - Cd i T - _I-
] = . ) ¥ » - W A »
n i — i . LA - T - .
"~ A i i ) o v - v : .
T:_'-ﬂ.. . . .: '.:.I_l- - : . :__ . : . #'1.‘. " :: . .-';-. N . . T . ,. “
o . " = - y . ¥ y - i . . :
L § L] EE E NE S SF SR BE B S BE SC SC SE JE SF E OE E SE S E B JE SF Y .-ﬁ-i'-i".-l'.# ENE SE S S JF SF SE JF OF OF SC O Y ) EE S SE S JF SE BSE O OF SF SF S BE Y | L -ﬁl’l’l’l’f‘#l’l’# -ﬁ-i'-i"-i' L Rk ok ok kA ko e ok ESE S SE S JF SE BE B SE SF OF O BE Y ESE SR B B S SE O B SF OF ) EE S B S | " "'* L | - »
R R R R P e e R R L R L R L R A e I R I T S TRt i LN
' " R . 3 | X -" . . - , - 4 _:'-_ . " 1
. r a r - n '] Ny " -y - ] ] &
a'l "‘r’l' L X X - .: :__ s v . L : . . r . : . A
"a |" ..- s . » y-'l.' l|l. ] i !
r‘ |- .J- .I 1- ." N L ,.
" i Ll . ¥ =T - Vo _a.
r - [ ] ¥ r §
: : : : : o : - :
r - o 3 X . .
) v i r M, b ) . - .o .
r: I.- |-. * T l."'!.'l ‘a . '.| ', ] "
; i . v A . I .
. r‘ |_. ..- [ ] -‘ h "y - _.
{"-d'_,_ 'J't - & i . ¥ M - § Y
i - . . ™ = 1 ] . & \ .~
] ; . 1-"1-11-"1-"1-"1-"1-"-:1-'1-'1-'1-'1-"1-"1-"1-'1-"1-'1-'1-'1-'1-11':.-'1-'1-"1-"t't't't't't't't't'm'#‘t'l-'n-'l:l-'n-'n-"n-'ll-"1-"1-"1-"1-"1-"1-"1-'1-'1-'1-'1-'1-:.-'1-'1-'-.;1-11-'1-"1-'1-'1-"1-'1-'1-"1-"1-"1-"1-'1-'1- Tttt e T T T e T T e 1-"1-"1-"1-'1-'1-'1-'1-'1-'1-'1-'1-'1-'1-'1-'1-"1-"1-'1-"1-'1-'1-"1-'1-'l:'n-'n-"n-"n-'ll-'n-"n-'n-'1-"1-'1-'1-"1-'1-11 R R R R L L L wTatat TaTaTy T
- LIL ] .
PR P > i H - . " p
: : ! oo : :
. .
- . " i » -r. . . :
L '\-} N i i s » - L] .
lll L3 !"’.3 .J A = 3 N . . \
4 a4 = . = b LI}
[ ] [] T STETETL R TR W,
a4 i & r £l E'] ' '
E] b F - & L]
L. .nl.ir." e " :‘ g . "
& r L L] L]
"x » ) » N
- r L
. i A - ¥ L ]
¢ v A ) 7 - : N
:: _“-'""d; I###############k#####k#####JrJrJrJrJrJrJrJrJrlrﬁlrJrJrJrJrJrJrJrJrJrJrJrJrJrJrJrJrJrJrkJrJrkJrJrkJrJrkJrJr#l';_h'rJrJrJrJrJrJrJrJrJrJrJrll:-l'JrJrJrJrJrJr\'i#JrJrJrJrJrJrJrJrJrJrJrJrJrJrJrJrJrJrJrJrJrJrJrJrJrJrJrJrJrkk#kk#kk#kk#kk#kk#kk#k##kih rki ki kkoi
L ,,i'. ] [ ]
“.: L _’: . ' _-Il [}
- s L] L ]
» .
L]
' 1.
E J -
s Y
. v

Su

- '.
“k
. :,"
f M
]
LR
Ny
o
"t'.‘

._-_-_-_-.-.-.-.-.-.-.-.-.-.-‘m..-m- :r,.

. .,

. m . e -
U* h_ h_h_h_h_h_h_h_h_h_ h_h_h_h_mﬁ "}
-

y



US 11,844,215 B2

L et
"

Sheet 2 of 40

-_- )
'?'ﬂ-'-

by .
LT R
-

Dec. 12, 2023

U.S. Patent

e
"“% ..

oy

A
L

u

. -F.
I EEEEEEEEEE

- -‘l!ql'l':":":":":":":"l":‘-ui

M

.........
L MR E
o

-+ B
-I-I--I--I--I--I--i-..‘

-

|
Jx
h..l."'................

-

L
Fol
"-..ﬂ
.-.....r.l.
..‘!:.

B RO RO ER® e 3
R

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...r..r.-I'I'I'I'I'I'I'I'I'I'I'I' __..-_'.r—l'l'I'I'I'I'I'I'I'Irl_rl..l.. .
N M al ot el ol L
&, :

R e g T TN O TR g e e

e e " e w'e ol Rt T
) ] - ] ) . ) - ] ) ] ) ] ) ] ' K .Il. ' ] ' . ' ] ) ] ' . . - " ) i A Fo e e e ll.. l_ﬂ.-. .-l.... h. ; .__ ”l.l.- Ll .-..._ .-..”-‘..-..._ u h.... L N R l... .ﬂl.'l.... o .-..h... lv.-.ll...lm.‘-..”...u.l.b .-_I-.I..l ”".__ .-.! ” !..-..- HII..; ”i.-.l.l.l o
" . . .. ) L .

v
-
o

[ I .
¥
LI

holt .
tf:_qn_qn'_'ir_

1
[ ]

1] I-l_hl_hl_-l_-l_-l_hl_-l_l._
'.'* I‘* l'* l‘“ I‘*
I

'_4

LIS I IR -

IR RN

.:..._:.__:‘

i

B

A

e
'}\l

R

Fant

USSP - S DD D D 53 a
w,.,.......mr B T T

o
e
.
'y )
&
L

R EFEREY

E L T

LI

. i _...I. .
T T T T T T T T T . R
[ . P o .

.
. . . »or d

I R

IR e

L - r

R, ¥ % e IO, . L S
S 4 RN RS N
N R \ .. -, . . . I..i .r.. . . . . . .q.....I .
S O s PR

T g o g S T e g e e Tl o g e h I )

- a4 4 4 . .....-._...._._...__.....-......_.....-.__. ._...._._...__.... ._...._.._...__.... .r.-.r.-.__..-.._..._._..._.......-.._...-._...._.r.-...........__.....-._.. L] ..
'..Ill.l. I.I.l.'l.l..l.'l..-l.l.'l.ll.l.l..i.‘.l.llﬂ " [

...-_:.-..-.-. 1%

.
L]

l_- .. . . . " e ey .i..__ l.l.-.l.-.l .-.-..__.-.‘.“l....". l..-.l

.}.lwli_‘..lll TN -

S ¥ .-._. . l.__-_.I..-. .—_r...,.-...._..-”l...n .‘-..k. . . - _ﬂ1 li.-..

l._ C el _-__.. S e
’y

s t!lt!lt!tt!lt!tt!tt!lt!ltu!_..l__.t._.-.._.l_..t!lt!lt!lt!tt!lt!tt!tt!lt!lt!lt!lt!l,"-f-a ..._\..-h_ . Ly ....- .

. oo - L B N e 4 - -.__..l... :...rt.-. _-.a.l.-. ..Il.“-_..._“_.._._—.

T 1 e a dh oy . g A T

g e i -_I._I g g i g g rl“.-.l g g I.I.-.I g g et -_I.-_f.l - rr Al

f}f }—.f—.}.—...“..}.?}..” i.} i..n.l.‘l._!}—.f—.f—.}—.f—.}.—. ﬁ“ i.fi.ft. b.—_}—.f—.f—.f—.}—.f
. . . - _ﬂ_. [l s L - . . f -.r.l“ U.
Co O
... - .1
. . . .. .
.

FFFFFFF

.

......_..._..__......._.lﬁ.......__.........__....? o A
.

'Y .

lﬁr}.}.*}.}..‘fu{—.—.—.—.—.—.—.
e

STRRIRIRS

r .

i

i .
.
-

L]

v
1'-
e
;.-:i-
.
X
::'
e

-
T
L,

.;.—Fl: Tele
-h._x-.#':.'

Tl

1T T P T Ty Ty Ty Ny N, T

T 1

’ -.q:’r

i

o
X
S

_m...}

= . - b My L

s Sk
- . . n 2 - - - . .- . . . - E
..“J- . . . .in.il__l_- .-“..- . . - .-.I... ' rE . . - \ 1|n-.- . -ﬂ..-..._ - . . . . e at aa . . . . . . .

'y H e . e - .
- i i B B I.__...l..l..l...l..l. .l..lll '3 3 .L___.l .. *
- L L L P . L L P, i T R T T L TR T T i T .-_Jl....l_....-_....-.....-_....-.itli_..l....l....l.... hl.r.l.l-. .-.l_.lJl..q.l.”‘.””l.““I”..l”ll. i ..'”-\......
- : it
e L. L. . ﬁ. Lo

.-.........-.........-..-.....-........-............-.........-.........-..........-..........-..........-...-..__..-...........-......__.-......__.._.__..__.._.__.__..-..__.__.._......_....__.._.__.__.._.....-.........._.__.__l....ﬁ.. “aT-
I

l.- ....#.L-.....

.

e N e e e T T T T s T h [ e e e e e e FOT e e .
. C e T Ny I
h_l..-...l.-.-.ll.- H _.lﬂ

..... I 4.5
ey ! l .
' t.r-..-.l.-l.__l. .-...-.|I ek . At T iy e e b l.l_ T . . -

T
h '- ) L l- L
w-u.n.. 1111111.%”&111 e

ey i e e e e s s sy e e
. et . i R

. #. "!..r.l.h...-. .._.q.i.f.”l.t.t..r.r.l. .-.twﬁ...lwl.l.t”.!.l.l. .I.|"|.|..|.I.I.l.|”..l ..... e Fa kel erbn O T i P .._.

S A i

n.' .r.rn."1 *-"” o
5 hl - -
L S

l.llllll.l.lllllll..i.lllllll.lﬂl rFrErrETE " L ] -
a4 4 _a LI I Y

.-l..a“.al..a.-. [ 'Ii-jl.jl.j.-.l"l.jl.j +
= . e X AOC N
" a m . . " b . . N 3 ¥ .
W e R
r W . . . e . . .
L -

[} - rFrFrFErerEwr - rFrFEEFErmwr % FF FFrFF-N
a4

-l'f.-li. .l..“. ..-..J-..J'.J-..-J-...-...-. .f..- -‘.- ll...-h..- ﬁ.h‘.'. ‘.-J‘..J'..-.q‘..lﬁ.'"'lu.-ﬁ..- .-'l'- ”‘J*ﬁ'ﬁ‘.“l‘..‘-ﬁ.".- .-h-.“.-..-ﬁ..l
o . ea iﬂﬂl%l—rﬁ. . . .."11.]..-]-!.!.-.... IIF. . fi“-.- .ﬂl&

. . Pha] - . - - .
N s
. L .

._F.___ o

| J
]
r
F

s

*-'::.. : : X
.
!

o

L]

-
T
L
¥

L]
A
A

[
:h i

o)

I-d. i\.._
- [ ]
Twtn
‘!

o

)
i

LN
LM N N

_:_.
A
.;h;‘

- -'i "i "i -'*'-

A4 A e
* F r kB kRN

L LR B )
-
M oa o il

Y
&

=
-
. .'I

-

b
]
[

N e

*
E

R,
Jr
g
)

L B
..‘
%

R

Fo.

N T )

3 E . rxo . . . . . . . . e C o mE . . . . .J.._l.
B e SRR RO O - CURERRDRE: % 1
! hm... a aarm e



US 11,844,215 B2

Sheet 3 of 40

Dec. 12, 2023

U.S. Patent

_...h i
o
LAt

. .h-..-. .
-." “ U - -
. - e’

- LT L. T s .ll.....l.. -
.n”r.f b "_..__..:., P o
3 -H.rl_._....r- _P........ ' : :.-.l-._._ru. ﬂ.
o X Fra  Fem o
.-.._.. "y N L 1 Lt P . Py
gy n O _“...JV ﬂ.._..,.-u- L "-.Wh“..,." )

-
N

B ’
. Y J - .
r i =T
: & * A m“__.._ iy '
_..-. » r F
] Y L] 'y L] 4
-+ " ] . 5 L]
t___..._____.l.._._._-.._-.i#iiiiiiii#iiiiiiii#iib..__.._..._-.._-.._-.._-.._-.iiiiiii#iiiiiiii#iiii#._-..r..___ ._-.._-.._-.i#iiiiiiii#iiiiiiii#i#.-_..___._-.._-.._-.._-.._-_.t_..__..___.._-.._-.._-.._-.._-.._-.._-.._-..-._-.._-.._-.._-.._-.._-.._-.._-.._-.._-.._-.._-.._-.i#iiiiiiii#iiiiiiii#i#. X
r'.- ....n L] -.-..__ qh .__11-... ook A .ni.h A . ....-n_..._ qa A .-j“ a ok .._..-..-_..... -k ......-F.__ AL h )l“-“ LN ...!.-.__. 1..l 4,4 __.I... ... o ...:1..__..._.........._.."“..__ -k ___-_-l._..__ qh .-.K"_.__ L ....l_nl..._ “... - ...H... a ok .-.r.__ 4 . A h E A A A Al“-_-“... - .__l.-.,.u..._ L _-l“... L] ....l..-l..._n ALk A .ai__ ook A ....I.._._... 4 .._._.-1.-.-... A -.l..n_.__ ... ....__.H
- " “ ) . ) . } S - . : . bR e W
L L] _-.- b ._.n - _..-_ *, .1..1- -. :: . 1 .r. -.r m...-- -_-I-. R l_-_ A r u.1 ......._ .-. _l- lt‘ L]
l.-.. .ﬁ.__.-. M [ " ?1. .-_.- e lu-l .Jll R I.w. i » r - . A . Fe l.-.d - - [} -~ rf . oa
" X Tu “ . .__.___ L LN . - : rhk S re. | L) UL s k. Tk *a -____ _q.-__. 4 *
L r n - -, ] - . [ ] - - - - LY - > . -
L] 5 - - ¥ n - . .. - .__ [ — [} P | L | . . . - "
L N - _-_-...r . 1 o - - ._.- ._.“ » L L . ] . =, » -.. . T e’
] . - e " " _._____... y _-.“_. T " = - £’

N * l'illn - - a1

Yo e . : ) : A

Tyﬂﬁfﬂﬂtﬂﬂﬁi\,-m“\ﬁﬁuﬁm 1..1..-_....._u--.>l.ﬂﬁ%ﬁﬂ&?%ﬂ&x\}ﬂﬁ%ﬂﬁﬁ?u}ﬂﬁ& kiwv;pl.-w M I .ﬁl.nnn{-a.fﬂl. ) e el Nl ﬁl\l».i.ul..q ..%._.-_- _11\..4 -l._.ﬂ_
. 1 . .._-.. . - L . . . . o . N L . - T - a

- -. R ) Jh .

[ ]
' .-.-.... .-_-_-. - li.. - .l.-.. " ) -_.ll ...l.. - L .ll ‘b ..!Ih 'I.l.l.l.- 0t . wa ..hi..-. ‘I ll .l-_ “...._..-.“
T S T T et e T T .1. .. Ay ._q.w.. S o . H . \..\ _...”‘,...w-ﬂ Nt
) .._....\..-.\ ' . . e roat ant -.-_ Foooate - l....._ .._____ .‘ ..-.- _......u_.-- T.. ot "o at R "t e 2", |-t.__. £ty ' - .
¥ ._-.... ...___l.q .1.. o ...nn\..-! .-.q.q ..._..M_u_. _.:Mr"._.. ...-__..__.-. -...._._._....- ......+.x .--“a“# .‘ |.q.--.‘ A .-__._-_....._.- _...._n.“_. .-.-“n... A Jar. .p._..a...._ " H._-L-.l*-
" .-.-- l.l ll..-. .‘.‘ . i.l..li.‘...‘.-. ‘.I._“._._..._.... . .lh - .-.-__ . n .‘.n”_-”... “.-.- ‘-.” ”. -.ll. g ......_. IR\\\“ II.\\\‘ .l..l.-. .h..Il . .-..- .“. - L.-. ‘.nl.‘...-...i .-.-.l..-.l.....-”- . !_-”_. lf.!..-..- !l-f. .Il.-_}.. e II N
V) o .x.”.,... .r-,.....--..”.,--hh_---.ﬁ..-.._,-- h.”-.. .,--..._.J..H.L., ..T\L. -,.f.i_,.,m-u.k.f--“.... .,., L L.-..nu--_.a........-,."......-hh...- R ol ol
i "y L e . u...._. :_-r i " a ._..._._.. g Mt My " i
. ¥ . x
5

'
wl

L ]
*

.
M x :{'-';'q--t- =
d

- . L .E.u i .
* ..1._. y .-.- -_I ._._-_ I-.
a ) ! ........ . - . L "
- .l-._ r " . [ [ ] - k.

F

n. L | L] - r

_._.l.-_ " » -..... ..--.. n . .-..- r-_ . e -..r-.. ".
L

A Tl
L
O

-~

-

gl .
L

an™
T

-~
L]

R
My
t..h

L ]

A

L

L ]

"
L]
L]
.
L]
L]
L]

AT .
-.‘.l_-l.li.l:.- & aa

-
.
.
.
» W
ary
d
"
L]
=*

*i
I“‘
[ ]
__.-
ok
'l
"J
l‘i‘
*
/‘/" |
ik
iy
"L
A
o
-
I"
,'..
- r
MR

&
e
- .I’..--

-
hi
- 'l,._
kY

-4

-
LY
|."l'

"

-+
"
-Ii'

L}

o h
]

R

4

L]

L}

»
L]
»
L

ﬂ#
L]

= [

-

r #‘i h‘. F b-
o
[

[ 9
.,
[
[ ]
-
u

LY
.-

. -
[ o T -
e i_._ _._._..._ A R ' e 4 4.).“...
lﬁ‘l’i?ﬂ‘fﬂl‘lﬂl]l}.‘w.". ___..Ji.u..- _-.._.f.. .._1. e

.F.h.t: ﬁh-d-

"
I..
-b"
-l'l-.r

-
o,
qlll
L
'l
.'II
hL
o
'.h
-, ‘.-'._
-"T.i
¥
s
'ﬁ
*)
i.
:«"’ ;
. _ I .
LR =
4
ll
1.
?\
I
"«
#
N
i"\-
L
L]
)
I
H e
o
R
r,
. -
:n
#
.] L]
)
I-
4 L]
"
]
F,

. .
LR R ]
-
r
L]
n
L

=,
-
L]
-

-
»

N,
-I'I‘ :‘
LR
" .
E ﬁ'--‘-
g '!._
W, . ! Lt )
‘1.. .I‘l.\ . L]
n

- [ ] '] - L L [ ] L '] L3 r . .l.._. ]
. . - J_l § » L. ..._- - c oo L Tl - L . [ I.._.r
1-.‘ .-L-_W_-”_‘.-..l e *» -_-_l “a :....-_ '.-..l_-_ “u -_--._ M. .F-l_' r“.‘ll..:“..”.- "o _._..“._ | l-" .n-.-.-_ g Py ..-.r. M. ...-l.-. M l-.-_ b "t * - .__”._. . .1....#.-_ .-1.-
. . I & l.-. n -_-_ N 1-.. ..-..- T-_. -_- .._.___ | - . &+ - v " _..- .f- -r n ] X .._ﬂu_ ]
"n. s “a " a " ™., ", . * " W0N D T e N, e "o " * "r LR T, A 2 f..n
-- L L ] ll l.l L .-_.__ - & [ ] ._.l [ ] [ 4 l..l ...._..-. ...-- [ ] * - L] ....- - II ll .-.I.- Ll
i 11%.,.-...._ Ii\ -.l .-l___ “h e .i_-__l L% -_.l. - -.ll "u '_-u.--. - N .,.-.- =T -1 - ™ il..-_-. * ¥ li.. "u .-l.... " J_- ll. .1-.. .
L% o Ll . . 4 - . ._...._. e . L r ' s “- = e . [ . LA ", - - x -y A
¥ Fal ._.. L l_- i -__...l *u -_-_... * L ~ "a -.p._._. -._p.-._...- l-_.__. h.. *a . .-_... -._r.r "y ll.t * rr.r -_.-.-_ .1“'..-.... .
* » n » u " § " » . [ r r N R r " L N . N "I ) .
"_. lt..... .l_.ﬂ _.- " _.-_. ' . B Y L....._... _____.._ ..1-. ¥ ..---.__-._. ...HH_. 1"y 'n *a - -1: ____-.___. ._-_. " -_.._. "a x 'ty a
] n..II ...-.__. o~ L Il il .-I. ™ l.rI. _“.1 l.l. u..n. l.-.. -.-. ro .-.._.. ' .-.-. ql. ._.4 . ._.l. l-l. ‘e l-.. " " .tl iI..- r.-. e i Ll
Lo oy " ., * . a, 5 ..____r.. ¥, s L TR -_u._. uy ., ", " s e a u M . i
."__-... __-. . _-._.-.“- ' .“. -l r.._...-.. ) -_- -..-. -._.-.l . . L “s .--11 .-..- ."L ! .I.'.‘-.l..-... “h . .“ ".ll a .-_il. ", q.._.__ .-. ........1 .-.- ’ -- l-_-_ “\\i ) ) .l. . .i"&.‘ . .ﬂ.-l 4
-_. .-_-.,_.... : h.-.._ ..-_- hll . . r-. ™ _..-.-. LN f-l li-.. -l r ot ..-_. ' __-.-__- PR -__-.._. ‘e L 4 l.l 1........_. -l .__.- .- " I . . -l.....-._- .Iﬁ .-..Iﬂ ) ll » -
0 .r-.. . 11.1.._... - . - -_..._.r -._l - 1..-.. .f-_ 1.. -...r- r b.-.-.i._- .-._..r - .._.- lrF -..l -_.-_ .-..- l-l o .-.._._-_ __.l l.._ i.-. 1 .+ ..1.\‘ l.l(-.“ n - . .-..._..._-....H. IW_ .-.-
] T | I I " Rt . » *a l-._ s W s I'l. - ? ﬁli 1k e s ! e T L .r_'.ll\n..t A e e I&lt.._ . = . .lﬁ - -
Fah COCR R ¥ " e, L " . . trrr <. *a, e, e W (4% r e Ta " " '__...r "E, s, fu ‘u a T S ....h___..m._— Tt a S x|
e i A m . % "a " t - N LR x --- aw.- LS . T .__-_.. e ) L . L "u .-l.._ ok " e v 4 * -
.. I -_1 I.-..__l .-“..__ .J-. r.- -_..- _-_.-_ 1..- - 1... -.- r.- -.J x l- . 11 . ..-..-_ WQ.- ..n.. :.L..-
i, L - ._..._. vl # "a . .-..-_ L ......_. Y L... .r-..... L ", xS --\V.“ . M - e Jr
I PN I Ol T " . . » - *y < s . - S LI B W
" M e ___-._._-. " . *u .., J - ._____.1 . . .__\....! LT vt * . " A Ao
e - __m.r._.._ " N * Y - s i .r....____ e, .__...._ L5 . e e " . u..- “ul
I n. r ,+.__-.n._..t 4.__n.. s ___._.___. :._..__ ..... ......... ‘ . ......._. . - N -..-..—._..._- .-.q_.._- * -...._ S el
"_-.h. ".-.i__.-.._\.—.- .-.-.- | .” .-._r“_.ulw -..l.- ..I...-..I...l..l. r .l-_ - .l.MI..I..I...i.. |...-.l l-l- .-_-..l..l.I.l....l..l. 1 "-l . = F) "..le _-..- “ ._....-__ _-.-.-.. - .
v Sy I} £ A ey e . AT T LR M
A ; C R AN P A BRI N T Tl
Mo 4 N ¥ N . e o 1..%_.. e H..-. » A .“.“-.__ T L Yarat
._.-.____..-_.J.r.....- 3 . x .-....- ....u-__. . i-- i_......_ ML -.__.. o +.___.__. _-.r L L% -
l.._-.ll.... ." “n FY L—t_.. o + A .o 1 N, LI | ] L]
+
]

- & + ¥+ ¥
o
L)
»
-
i """l
.
.
[ ]
)

I|I"-"
a v
- '!‘ [ ]
I.ll'
l“.‘.t
-a
|
L ]
o
*n:*‘
a b
. "
“‘

)

L]
L]
.
r..l.\l‘.
1Y
o'
L]
a
-,
'.

- i 13

A EkkLrﬁnr#n;atbwrlﬁ.hF..kLL gt

L |
£

-

L]
Ll
LR

11:*:‘:115':11-.'.;1'

L
-ﬁ_q-
i -
L
*
-t
*F
_.i
‘.-
]
-

rF .h-.-:.r-.‘t-

L

L

L

L

s

é 5

. ,.'.'11 m

L

L

L.

.

L

st
“

iy

L

;

L

i"':
i.._

L .

3"

L

L

L',.

e :
- e LR -

K k . ..-—. #.-. il 1_... ll!-...:u .rr ..1.. -_l'r.l.. l-_-.... ", . ﬁl“ ﬁ--._ .____l-.!.-. -_J-_rr X \ _l . .-.. .
. (R W A LR I - _....__.ﬁl... o .____ ___...-_- L .._.-...—.r.rr LR N _._.____.._._:.. . . ERLA -
N " . . - ] - .—. .... r [ -..u [ . R - iy . - [ ]
"F ..L-__..J. ._...-.__..1-_...1.-.. L .-Im.l._.. L-. N ...Ll.__..-_... t-.-._...- ...-_. -.'.....,. 1.I.-.lfl 15_.._..-.... e _1..-...-_. Il..-m.“.. [ l‘li 1I....I. _..'l..._u- -'_...11..__r * 1-_. e ’ I |-_I.._.._L__._-..i._. e 1...._. N ...-. 1.r._..L__.-.- ﬂ-.—...._....._"l._..&_ﬂ-.”.. ..-._-.. o .rh.v *a .
| LRI L )
|
i
|
|
t

=
- _"

- -
L]
[
“.‘..“.
. ] N -
-I-.‘r .
L] B
‘1. '.i
L . -
b
>y
L3
1I|II -
T -l'
Fm
rE oy
W,
- -'1
_'_‘l'
*I
.'.,.'
-" I
[}
l:‘
'r"
i"..

*
*l
-

| ]

i

-

-
"
u
u'
II--.
P
r

[
x K W - " e v
' =t ) "' ¥ ! o e w ¥ J x _-_- v " . __i\\.-__.__. _.._._.1._._ .__l..li” * 5 ...”.._—
" e - ; . s . ¥ - L :_ - e BT T A
L .u..-.“ e . B, - ..._. Sae v ¥ ~: - w7 L AT AL N e e o
) f i - . 1..! . i a o i R . 1
: . *1! i v.

~
‘i‘
‘h
et
g
o
B
)
st
2
"

;F: F ] .izl
!

t
)

.

L

r
. . F L ] ]
o
"l.-.l.-. .-l..-. !l.-. r ] F - Eh _ ¥ - - .-.l ......-_-. ..-.-h-._..-. " ” l.. b l_ll._.,..,_. e -
. L T L TR T L L T L T T L L L TR HEStRetae L el Lral el R M, " s v ..u. . i
i w...n....m.“.”. Sl o T i e e e N A MRS S et oS N PRI i ol
-‘ .-._-.I .l.‘.'..r-.-...nnu_....__ h -.......i.—_.q.l-_"_ﬂ.__ ...__.H..__._. _........-.-“..___. n_...__. a2 —__.“.I“._ “._...._. “_-.H.l..lln__..-qnu..._- nu .__1...|._.“_.q..__ 7”..._[ 'y 1 1 .r..._. ...._ __-......_. __L.H-._-1I“r.1.-” .-.1...-|..__..“.- .__ “l W H.._.. v-lH ...v..H.“.- .“ “__.”.__.. ._ “.__ " H.___ __1.”| ) .“ *y _..“ . l_..” -~ —__- ' ..__-_L_.“- C. !-.l I!"..-__ .r.-.!n.-_ . =,
" ‘lh » -.l.."l.,.1..,.____.1,..1..,.-._1...1.-..-,.-._.l"-,.v.._._.,.v.___.._._....v.._-.nﬂ_l e 1.-_..... 1._.1..._.. et ..._.....h...._......v...:.f-_..__-__.-..!._.-nv.,.-._._-. P » :u..._.". -ul. “.._ﬂ-.... __...- r __._._. r -.._.v,.lnr L T I.-. o R e e T T e __.._.._...-1 [ __-.I.__1 e 1..,._..__.1,..-..,._..__._.,.-.._-.__1,._.”.“.-..-.-..._. .h-.-.__._. ”.-” “u * L - .-8_ iﬁﬁj
. # . . . . Y T i ) ' - e n .
[ ] * " l_.-.l. n » - 4 F A - k & » L i . LN 3 | [ ) _-.l.- L ] h Y a
i l! !II‘.“-. . - . .J-_ I“- e I.ft. - ¥ -.‘ - .-.._._.... .__.-.L .1.- ...I . .-.l..i..l.l_...:"__ !l. !-..A
...__. - " . N .r__.._..-_ ..l_-. L M .__ ¥ 2 .“..71...-._.. -.-.-..._.._M“ -.....L. l...._._...-.._l. ol
] WF ‘a . LA . _.- ANt ewf . r L] ._ﬂ_tltle
\ r ¥ . R . ¥ .fv_._._ " N O oy Far k. a
. . e L] 4 ll“{i\. * l.}.v_.l ] -
- L | = .| - ' - FF
' l..l.. .:_p ] -I * t..q ¥ a & L T
] .f..-. ' --. .I.I --. ri r1- H - ) -..-h a2 - .
e
1 A - W - ll - .l.... m P, . . —._-.
- F | [N - -
\ L o waw L ui..__ ) B
L - L | n -
L) PR ._.h. LI R LI}
) .Il. ....-..I! -.-l L] ll’f .' .-.-_..- ._}t.. L]
| ] - 1 g '
B _.._-_ . - 1 L A [ I T T |
' . ) . - ] i
" H._.” v ... I-.. -.- - l.l l.._l o l!.. _-_ - -_-_ [ h! U. .._.- .-.- -..r ”.-... “.,._ .r-I.lI ..wn-..\l-ﬁ__tm. -..-_l.l-_ M_. -”_H_-l ....I_-lﬂ
- - ] %y 1 ¥ # L2 - -
. PR . o, .“.—.. s e R L R Y L AN .-.___..__ - & x +._- P " .._”..-_”. ..l.__..__ [
.__..__.l... - My e ot T *a -.:Mi._.\. o o -_-. M b -..-...._.... oy, ..__....__-.l. - ' .__....r oo LT .-JM.. -h
1 [} - » ¥ e d W ] . . » [ | " r o . - x u - A N
\ ] - - .-1.— ! ._....._ LT *u s ot . "u e g " .._...._ » a ..-_-_....__. “p e s
] ' - " PR : o " ' " s ' Ay __.. w “n N “-.‘-. Fl
e Ea 1 " i - .-“4 L * " ! o . 2 i‘i‘ P -__. Wt - _-_. a "._ ._._._ o o i
4,14 l.-_ ....L -_-_ » .1- .._l [ 2] -..- 1 _-_ -l L .-.-_ .._._. ll - .-.l !- ..__.l 1 ....-_ l-l-.. " ._..-. [ - l-._ !"
r- a L I..ll_ - - ._._-. o, i n___ e - .. “' -~ . - LI ) [ ] -~ L I .
] , .il ..... .ll. L J .-.' 4 .-_...I.-__ M L - e ..-..-.- .__.__1h ] l..v..._.l.__i - R l-. & I-. ] ._-- 4 L] ._.—_.I_..__ 4 - I.l L] L] L] L]
P e A o " % . “a L] ] . ] F - - 14 " = .__.......-.! " ' a
hn r P h.-. -, ll-_ L L] - l L] -_-_ = -__... .I.-. s_. = ..-l - [ ] l.-_ - *
! ._ P N - "a M l..-. Ty & . ..-_ w4 *a L] by a o T - at - )
-“....- LN 5 N s " L ) _.r. L] r.-.. - I_... 1= lu_ﬂ - - - . - ] . ‘.t
N . e ..&i - " ."_ - e L] ...r ___.._- . -___-. ...1-_.._. ._._... L LE *a ...._.._-_-. Pl - "
R b R b ] " n » ‘u ¥ " r . r w'n . “& PR - mo vy A
LA ] L L] - L a .. L] L =1 = L] - L] = » s Pl 4
I na pﬂ.._l..__ . .- - LR -, . LR ., L LN Fou1 S 7o b - . “...-_....-i L N . -ﬂ.-_
IL* a i F] " - ] [ - [ [ L » N s i 1!5_. n w LA ., » Ta na
Vet T x & ...- ...".- ™ Ya R ] " . LA ra -__...-‘..1\ A - . W' v « T a _.-.._.__. _u..- Fl
F LI W PJ L] - » L L] L] N - - - ral L] L . l+ = . M
3 L A, H r e L ., . - L r_ .- R I . v ', X o Lt PLE
A h.. . ...._..-i..-... .-..- .- _-.. " - ., o I--.. e .-_ .-—. " s o - .-i. -..- lr. k) M e bl . .
-.-.-‘.-.l ._...... - X __.-v -.- - 4 - -_-.r . —_.,. -_.-. ..L.L. J_- . L -..-.._ ' - ..-..-. — -__- ir_ .-".-.l o 2 1.1 L3 ] . LT
-_- - oy 4 - . *u s e B -, W - 3 i-_-_ P ¥ - ...__ i‘ If u L 4 Fh ey 1
[yl - M LS ¥ ___ » - ] "an My - . ] . T » - » n ’ w' mA
o .l . " - L] L] ] L L] = & LS .rlI [ - 1] Il ] v . K ] )
] rom L | L - ™ Tm '.-. o L} - L L] * r- L] * T n e Il ", }
W e Lo " . b *u . LY ..-.._ L f K ol w - o ..__._.....- N i P A
B AT = " . - . ) = LI . Lo Pl i e . .
b R AR . N LI . . h.-.. -.....-_ ., ..... Ko St i _-_ EN n, ...p-_ \ . Lo x . T " > -~ E
Wt - 4 h [ £ b ™ & T - e r _ » ™ } . N ¥ L ) - - L . L) ¥
..-_.-_.‘I .-._..”._. .-“ ..-.- -_rl. .l-_- ..I ......-_.- lldl Ay -.l-.. I_.L. l-_ ¥ rIl..-..l..I- -___. .._l-. l.-.-. .“.-_ ---.. ".I.-_ - .u_' .- .F-..- rl.. ..ﬁ l.-.-..-.h l.l.ll.__ -_l.-. .._-_r..... o .-."
¥ -.n_-‘. n . b . ] . - s 3 n . Lt ....rlu r ur b i\t\u i L L] & g ]
-__.-..-l.L fTfrlTfT.T..-.TT.TT...T.TT.._.T.i.-.-.fr.-.il...-.fTl.-.r...-.._..Til.T.._..1..._.I..-..TT.T.._.”l_....fT.TrlT”ﬁ._..-..r..-..-.-..ll.r.ll-.f-..!_..FI.T.TT.._..l.l_-.fT.......T...T.TTrlI.....TI-T.I...r.TT.T.._.II.Tfo!ﬁ*F. 3 .TT.TT-.l..T.TT.T!..TT.TTTiI.TI_.i..lh.._.-. T|"l|..-.f...r.-1_.‘.f...r....l o
i e de Jr de dr de de de b e de e dr e e de e e e e e e e e o e e i ke de dr de de b b e b ke b O b e .r.r.r.r.r.r.r.r.r.r.r.r.r.r.r..r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.-_".!.r.r.r.r.r.r.r.r.r.r.r.rt.rit.r.r.r.r.r.r.r.r.r.r.r.r.r I..M..I. Wr de de dr Jode e e e de e de de de de b b B B e de de b ode b B ”
" ) . Ta -.-. & .
- L] L] - B | L] -
] | . ] . L]
. . " .
-y ....-...-_-._.- . ] -." _.i._l .Al.__l_l. M‘lll_._.-.. .“_-III..I-. llllll & .
.._... L) PR 3 ; . -n - W 1 N ]
i ’ . : J-. H a
M A w A ¥ -
) " . " il

: :
e o e WY £ i " , ol
g . o " “ g

..I.,. i.”lm_ - gy o
% Ll Ll

' ' L]
b Y s -.._..___“_.!... W ._1_..1_. . ¥ N
. ., - [ | 1
.ﬂ ' =a -l..-.. L] .II .-H .l- *a .._..-_u. - ...I.-. “. ”
- 1 + J by LE
. - - u..__. r._....-.. . -.__. .__.. w
.l........—_...l....-...-..__..__...___..._.....-..-........ P i T e T ) T b R T T Tl e i P PR e T T L !
a - A 1 ’
< " o '
I- -.I in ]
L] ]
iy » o [
g . Y "k .... '
l.....f...-_ J__.-.._...-_ 1

. _... ., . ! -_...-
. [
.I_-..l - . ._..1 [] .-‘_
B .._-.__.I.I.r.-_...,ll,-.....,l.-.,l.._.r.l.__i.._-,u_ - o ettt T e a4 a -.-n.l.-. o, e
Lo 'S -
ey

S R A A T P L O A A . R T e r e l..-.ll.-...
L i



U.S. Patent

Dec. 12, 2023

,_‘._‘.

‘-.;-.

h
l-'l-'l'-i-'_.-:l-'l-'l-'.p'l-;l-"l-'l-'-'l-"-'l-"l-'l-"-'l-" ey’ 1“:‘l‘ s’ “I-..- v’ l-_..- » l'il- " l-'.l- l'hl- 'v'e -.ll" *'r's'

"._...

FIG. 4

Uil Y

e . ."l'.__'ﬁh

‘.':". T ".-:.. e 'u;. ", " -
.‘-. Fl ":-.. ‘h‘ .i "I “‘ -, - “1 - -I .‘ '.,
AL NN TRt
_&_.lr_';_ LI "q._‘ X L .‘ih-
i-' '-F, !. h- li'i; b

-: -: T ®

a-'.-
'\!..- ‘ -t‘_ -.J ] '-.'-l' ‘bl H . a ) "!.‘. 1:JF1 -"‘ 'l- *"‘l' J‘I’-‘ .-. -
I||r"l-"'h l.‘l. et ' ‘ '.l".l’.l#h-" fh‘l"ﬁ'b‘b‘!“'b"ﬁ'b a b‘.‘l"‘.b.b.l T e e’ e 1-“:.-':’;-'1-' *I‘I‘;:l.b.l-‘i l"i e J.-"'.ill:‘i

FIG. O

e L T A T

'a"EI ".'*‘ .‘l'-l " *u

.-"‘:: .

v-:;"'-:*v:::-::-:-::ﬁ:u

R Rk L)

[ S .‘.‘*.'---'-. .

o
L

-

"

g

ﬁ'.‘

Sheet 4 of 40

..5_
.

"

"-':..r
]

-

T

US 11,844,215 B2




US 11,844,215 B2

6

Sheet 5 of 40

Fl1G.

Dec. 12, 2023

U.S. Patent

.....xl.i:i_._ .|._._._ri.l..
L t.-._ h.fiﬂ.___.t. Ty
.__..ti_..u.____-. " m ﬂ.in-_.t']

.-1.-.._1_1...

_._.. i m-ﬁ.._n. _.,.._

v .
v s .-_
¥ N pe
[ |
F .i .'L
d L]
._.h.-.l......_..u...l R R S A l. - .........-......T..l.l._..... ..............-......1...-.1 PR A A A ..-ln“........_..............}.i...l..-... ._....._...........Tlle.........._........l._.....lH“.........._........l......I.“.“. 2Ty q...._...........f.. ......q......._.......... |.1m.“|..... |‘1.T|.-..|L....|.T [ 1IJ.1|.... ._..............l._.. |......._.....T-_.-1... 1-..I.|”. ._................._...-I““..._.. - .T...".._l_nnl._..u.... =" ll.... + ......._...l ......l._..u.... ..........l‘““l._..u.... - .l1- + et _l.l”..._.. et ” -.ﬁl.l .._..u..........._..u_.r HJ”I”“.“”.J.I.{I..!J.-..-I....:TF.T
T ll‘l L . Ty o ll Ty l-. ' - -l .-_.I. r !.. L . L . -, "oat llﬁ & 3
.”"-.l- __.r.h lh__.. A . n_..-._.__ -_-.- -.. .-:r- ..n_.-li -_-4 Ty “___ lr- Illllll lll..l - .-.l- -_-”... . r_.... .ﬂu r-.J-...v J_r.-ﬂl
f] - L r . ra P e ] h [ [ ] L L - . L .i. 4 & .
L - A ' Y » . 'n . 3 Sl L . .
““ ._.r. I.1|__.. ...||H ........_ ' ..-.._..... ..__.-.-_ -l l._-. .-_ -_.._ ".. —. ll.' ..- r-_.r .ﬂ.l I.....t. .Lﬂ"‘..h-. -.- ll
L ™ l.u. ..... .........__ ’ _._.. ._..._.._ -l -..- .'ll’ . .l..-_ . .-..1 .-. . -_ - ta “ -_r. _..ul. “I .._..1_. ol .n.._ﬂ_
+ " <. Y ] r .- .
.ﬁ..__ q.‘ll\"lu‘liti.i-_..irl-.h\v'ilﬁilti& h.-iﬂ._.__._._t....._.._-,._..____ llti.ﬂli.m-#iﬁilh:#i.'ihirix\\' .._....__....4"-_... _.__.._._m-_.__.._ll_.__.._\____ ._....._.._l_-_..ﬁ....._...t___.:-.._.._....._..... .._....._“_...._...._ .._....-.. ._.__l-.\tﬂ__..._.i___.tl h.__...'...___._..l___.._...
[ ] e all F m 20 - ' * «" o ) Tk - .ﬂ.
a..l - At m.i_.... L . * |i.- ﬁt.\w A - S 5111 ¥ .__.._.. . - . oF S o . ot - Pl o
”h ..._”._d—_...... - . - - F ,.._.-.t It _1_..-. - ._....".rl.._ T O ___.-.\ ._...L- - ... Lo # .-._.... S 11- .._m e b ...._. R R
.1- .. ¢ .l. ' . . . [ l\‘ .I..l..l. .l-_- .‘.l -.ll. ..‘.i.!. . .“ H‘J..I.I.I - - .. l..l.-. .--. .f..- ..I - il.-. .-.l ) i- .l.l. .l“-. .-...l. & .II.. .,.-..-. l.l. .!i ..l‘l.n
. .-... - » -”._ - L s > = ...L“ -~ ...' P - - o .1 w - d "
., .n a - .. - | } ..-.._t v ilwn._i o' o~ -_"1.1.__“._ it - o Catt & ot o ol .- .ﬂhl e ol u_l h.-_“-...:_.f .
- nnnnn\\ ot T __.+.___._ -t..- _..._.n a s _-_1-.-_... .ﬂI . \..\l\-.! _._%. -l_. h._-.- ._.-“..-q.-. i.l.w ‘._. _.”._ _-.m_-. T L .-.....- s
1__.. ) wd a » - e s - ] vl a P A oo 1t ¥ ¥ - L
.r...._..-.'. .-..-.-. H .-.. ol oA 1‘.-..__ ...._-.__.Hfl.l..i.- _.jr..qi.ﬂ”.\.bq..__...__ ...._” -.__...“..l._. ) H‘ II.L-. .__...__.“-l... .H... -.li.__ N = i o N lI_.”.__ ...._...__.”_..l...lr.._-ﬁ..q.__ ....__Iﬂ.__ __.I-_L-.__..__ ...._._._-..”..l..".l._..-_l.__ ..I..-..__ .1.[..__..-...._..#.?. ..-.I“. Fl Jlli.i_.... A .Il.“...-."....”..__ Fl ll .__.I_”.__q.__l _.l
. .. - . [] - - - - -
L | - . [ L3 +* - . . ...- 1“- - L]
-_-.f »lllll '..._r __._.... _-._.__. '..._r _-r“.th_.-.. ._.__"._.... Yo .__._-. . _..t -._._ - liJr ~ e
- 'y r o . r . e L T i - »
'} » ¥ . . v, v - . . .
, " .... ", .... " " v ECT I . . LR Y s ", T " W™ .......
o . Fa -___.__ ' " b L Ly . Tt i : .y L v, Fa ____.r. .--_ . .....-___r .”
r w - - ] lll. 'll. -I. - . . th .tr. £ o R - u_ .
q‘. WSS _1._. T "y ’ r- .rl L} W, . . . ..l _-. . L .__h. .. Tt Il . f-. n
1” _--._.-_._l.-.“- L.l“...l.—......__. . .-.....l l.-.-_ f- ll l.lll I.l..r. C. . : e .._ .__ o .__l..l .II .._ L] v.__ ...._.“l‘ “.I.I__.l - .L.. __.f.i a .._llq.__ll._. .l.h.”i.: __.i.-.._ - .“.-l._llt - .I.-.”.u‘..__-.-l-_..__ .."_.__..ﬁ_—..._ .__r.._1‘.f..-.r"-. .__lt
am . o ¥ " a R . [ 3 . . ' ) gl ' Yo . l . Iy § - e
b TE N T, ...... ........ ? - o | ..,1 P S A S v Al e w.. ...,
L .5 £ . L. lr'lr ., " i .‘q oo ..._m' a LT A h.ﬂ__..—.__. - _..-.__.ﬂ. t.
PR “ E ", ™, " ) A T A G A
] > . - i

- ..1.1 l.-..l. ..1.|| l..h _
o ]
i“...l"'........_.....-.l_-.....-. ...-.........R.*..i...-_..a"rt .-..-.-....1...-"-.-.{.-. .-. Py .......-.....-...
e Fa
. L

AP B
L]
T “'::“-
.".._-I- .‘.
I."_'.‘I L}
."."..'

LI |
“‘I\ -.Ii
B e s

""'"
if. '

e

- "
“
l.'.
.i
i‘
"l-
'.
i-‘
]
l.-.'
i"
._.-'
4
.-"'r
*
- ""'.
' -
‘l".
-:."I
."-,,?‘
i
."\.
L}
ll-'._ u
.h-‘
n
i-:_‘-l
bt
E. [ ]
-
F‘*
‘I
s
‘: -i'
“
-'

gl . * . » ™ . . X . ' -. L] l
ot L . L. - " ' . " . . - ¥ - . “ . i
Al e e . L b S T *u ..-.-. C | i : L ; ) . - e _- [ = a A,
u .ll .i.b _F. rr. . L , Ll S .I. . -.- .r.-_ Il- ll r-_ . o . 1 . . . - !l. . ....- a ......._ “- -.- I...__ . .l_-.-_
> a r . " "a i ™ - = . ' b . . - . L | - . . [y
] 1..-_. »F atr ¥ .!.I.. " ._... _..1|. ™ .i.-_ .- lI-u- ) IIL_ Fyr : ' . . . F ltt.. _.....-1 .... ' M ..l‘ “a
" l.l. - at .l.-. . n. o e R l- . ) n L ' . T . ) [N | [ £, v ., P " A
N - L3 Bk L F - - - ] i L] L] . ' . fr . o ra ' L &N II.....
K L _ll ._.l. - . - _..._ .-__- -_... l.i l_- ' ) ) hl. - ._..r._ ' . A ...... - e I.. '
- PR il w . r - . . . . * . LY L T P
r I - ) L] [} - - n o LS w - ' | 1}
[ _-.I. M - ra '] " . - Ji. M - L . m - » ra ]
¥ L \I.- L] L L ) n & [} i - L) [t | - »
._1 P . 3 .rr _.- - ] r ._.. . ._._ r.. L] ..”._._tl " M..-. - -i.-..
PR » Y . Ly " e . . . ] a a . - . o B
r . - - L4 [} - L a ] L] - R L] uf o - ] i F e u 1
S + F | r.' rl. -_1 , L - . n -_ rr - ..IL,II th VL l.- S _-....... o
* . Hl_.ll .I.-.u -.“__.u .- -__- .n.-_.-. "~ -_ll l- i _-.l a o~ .-.-. e >~ .-.l .-”._. H._ ",
) - . '] . ' - . " . N r ™) . . ‘WL 'E » [ i | I ) '
._..f .rl_ I_-_ . l.r - ..n:. .-_1. .l- ll lI. .tl_ ii. h. -.-. .l.l-.n * - l-. .-;._ 1 1 " l.-.
N ﬁtr TI.I. s e s -_l_.a.._ b l.-.: l.lr. - l.l.-n.-.-... ‘ - il.-. .1-.-. .-...,_ ) . ’ l-b
o L] L L e *. " [ ar a L] L [ ] -
T r-_r rrui. r-.._. - T, - - - rlﬁ_..-.l__.h.-...-.-_ P X kb.tt; - .-...-.I.l..-...l.-_. -
“ lll_l l-_. II I.Iu ‘u Fu " "a s ot - .l.i ...n. -_II. .--.-.
r.t. TI ..“_. ._1_ o "a “a l..r L' l.l -~ P _r!n .i.}.
1 Jll.. ] [} L 39 . L - - L) 'y o -~ - | »
T [ ] ] L L 1 - .l.-_ .rl r l._ F .
- L] L} LS - ’ - = n A x " LI - L
. iy ] ] -.-.. o - r & .l. . - .l.-_ R e a .
» . .-_.. r-. rI. - T - -_ -n ..“l.-_. 1 - .-..— ..... ...-. -._... A
. ._...1 - [ ] r _... 11 -._. L.-.-
|

N
I'-:- "I_‘.‘
t‘*:

R
ah
ty

= n
-
e -‘.'..""i:..".."..
-
]
.l'
[ d
| 3
r
T
| 3
| 3
'_l"
L |
’-I
"ll'
u
"|"
‘I
By
1:"
4 4!
-
.
o
-1
‘lt
o
xh
o
-
LS
.I
'i
-l
[ ]

f] - a a I..-_.-. 1 - I. .
s . n . . [ " - a a - . n'
" .Il. _-”_ " .li ll....-. s _-..-”fl. -_rl. __.h-l.. Fo " ..1.-'“.. -...-.... _-l..-...-.. ._..-..I. - l-..-_ h.l._.“__ l“-i. - ."IJ_ .rrr.
’ .-.-.. .lll . | - .l.l“i’ n . .....,._. ..p.. % l..'. L i ..‘b = o _...-. - » -_r.r [N !
..,..-\...- ot ., oW 2t Mo e e oot S * " L “aom ot
» T oI # ih.—..- P - - L L F a .-...1. . Yramat - IW . - .I_ - h.l..-. L. I.I. ik
) 4 A S .._..l ™ l[ .l.-. .I..l i" Jl. -.l T n‘. L] b - _ TF - 1 L S Fy r A In 4 M . l. l.l g d B .
n - L r a . . . " .. . - ‘.\] [} L -..l.-.. o' i-. . - - il -. - I.l ' a. .!l. N L T .‘
' . + - | ] ..-.Il. .1-. L] |-..l & - L -_l. - _-.Hi. » B LI .-n-u. & -. L ‘\\‘ W -l# r.r * -
LA . 2t | \l .tI i.l.. -y a .l_‘. “a I..|. 4 - .-...._ W a .-.u. ! .-u.r .-.-I. | . . .-.uu L] " .II .-1_ e ......u. - 3
M Hv * " 1?1. . n . » ] & LI £ L - - . i wl Pl . "ﬁ.-l » h. " T AO -.H_. - -
L 4 " : " B . = - ] . ! .- ' e *u "va _-_.... a™ r .___ . ..h.-. - l..-_. .r.r . ._._,.-. . - . 4 *
Y T .- 1 ﬁ - l“ -'.- T - .-._. lu!. lt..“ -~ R L _.I-__ -.n-..._ ..._.u! - . ..L.._. - a Y f. 'y o " ¥
m._.__ ...v_ .—# “ T ) i . . _.ﬂ__ L—n _.._1“ . ; - 0 = ‘- | - ._l._ - L --_. .._._._...___. '-...r .___._"_ e [ . ] »
r Yo -._. ..‘.-.L_‘_ -fr. 't !_-. - .rr . ! o * Jx e -_l .-Iu-..v.-_.-. Pl -lj. » .-.....-. + ' ", .__'.._.h * -
. T r ..-l._-. Al_‘. . - - -_.-. -_..I.. ' - * . " ol " L .—_l..-. * X
[ P k » .-..n ] h * . LR N 'y ....-. > F iy ] ¥ .
"a W *, - . " - "L " ' ' ] ' * .- a at .p-.-.__.. » S lln . o ' ” _..Hq_-:..r LU ] ol -_" 3 ] h. A ..-_
”h I..-..t..l“” e lll..rl.;l}l"l.”...lrl.ﬁ t-l..u...l.“.t” t.ri-.l-..a-.,.tll....-...t - " - - .-t-l“.t“l. l.tL-_l. - ..-.l...q. . .__“n .-l- l-l -..l_-._.._ - l..l . I i.-_...,.-.-. .-..r-.._.f- ‘".I" .1...1 —w - ”N.ll.l"l“.-#lhlvnﬂlﬁl.t.rl I“-"l.. .i.il. &
0 ...._- . m_. ' 3 i .._1 [ ! ) I M ™ . - r. . _.__...- .........-.—.__.1. » ._-I.._....-._.._.._.li_-_._.-_-_.r.___ al .
ek . et B .__ -._..._-._._..- 'ﬂ....1. . 2 S lf'l “.-. ‘. L LR ' - wh ._...._..1‘- iy - .4...;. o «.1...!.' e -....”“-ﬂlr [ O
k .____. “-vll e 1 - ”..._......_ %, J__.__....u__ i n ._J-_ . ._ - ___._-_ . ,._n.____. .._.r - g “.-_._._ - - . - F .q.-“_._ Sl L mvtl}”viwkitlhvﬁw-..l"?l ._.._.r-. i .l.._..m.u.
e __ ] —_l-_ P ._..____ o e il 5 I“-.....-_.‘..r e [l T S S T i T e e T R LA il vt e A R L e + - ¢ ry .-..-.- ...- .-.l. - T .-“-. ™ . JI;!...-.!.-_.. .1.'.-.-...“.._.' 1 H -_-.".._.Ht..-__.:.... .”H”l“.__” l..".-m.-_...lnh- .ﬂo.l .
3 ' i ...l.-.._-ipr.... i q.' B ' - L " rt“-t-. . ; .- lt'-.__-.. U ) '3 o L e
r ! - ...._.__._-_._.._.ﬁ...___ r la " ' S | T o o '.___...n..H e T w
- - ' ] - - T | ] FoanT e ! N T [ 5
r l-._l_ ) “ '._..._-._........_ u " &4 -l\_-..-.. - ' | | Py L .-.-n. . .‘.1.._... W..._-......-.l.-... e F h.ﬂ
3 . A i el et -k \ a " * . ar . ') ., ¥ . ) e ) , Y .-.1.—-_.-!._-“.___ Tl bl L
r . I - . . e
...t.......” . .-_...-__.__-_ %n ...._.”._- ﬂ.qn_-”._...._... __H..... .__“ ' . M . 1 L . .- - _.n.“ - . J.J-_ B “..p.. .-.__.- : .-.J_._ .._.!___. “-. a -_-_._.ﬂht i u.._-_.l\\-. : ._ql\“.... i “_r.n., ._.W#..H-_”.-H.__.._.l. q-..rﬂ --.t .._..,._.“._-.-
r ‘ ! . e Ea B * - ) 1 ' . N 1 - - E . il % 1
F 1 - a2 r 1 [&'® .._.r.#-..-_ ..-....-.-. . . . L iy . . ' . r . a . ' - . oy . Y ] * B .IT“M\‘I-
Lo e . - n - 1 P o F =T " P ‘e .
.l..l..!.-...-..l..l..-..I..-1.l_.i...l..l..l.._-...l..l_..l..l...l....l...-...l..l...l...l...l...l_.l..l.l.l':l.l l.l:l.'-.l..l..l.l.l..!.l.l * l.'“l.-.l.i.- ﬁ.&.l-.l..ll".l.ll.i.l..l..!l_.l.l...l...l...l.I.l.'..l..l.l.._-..ll.Il.l.l.l_l..l..l.l..I...l.l..I.l...l.l..-l...'....-.l..l.'l..l.ll..l.l.l.'.l.l..l.l ..-...-...I l..-....l_. " .-.-. " ”\\ )
- ko4 1 [ oy ko - - % g4 0r Lo oa ERE T I - - F a . £ u F - i I..-.. ..m [ P R R 1:-..._1 [ * T T I R . 4 + v B 4 . FRoa! . [ I - 1] [ ] F .
v an e e Lt e et Pt O _...._-_u._..........__—_.._ el i “"-.w..t...l."l..-.l..—.-.”l._.ﬁr e 1.1......1..n1.—_._ .t n.u_.._.._.1__.._..._.1.....L-._h....—_..-.__l.-.ql-_ P -t..ll.-_ l_h...h.. . .-. .-i -.. ) I.I.
' -_”... ” i-...r. .._.”..“..Hun.._. » ” “l '.”. ”.ul L ..-_”.- ”_lh ' . ” ..l.._ -_l.- .”...”._...-.” . .....-_.-. -..i “?H.r""“}.nlﬂi}"..ﬂ” .”._ . ;_”.h.”u.._..._ ..n” | ._.1...-_4 r.” .“....._ .-.. ) ”.1 " .1l.” ..r ' .._..”“ .” . .._”..-.”.lh “l... a" “ ”.._ _-..r.n .—_”... _luu I&l‘ ) ..-..E.I..-.-.u. .-. .ill .Il..i ll ey K o'
.._-._..__ 1 'a’ -...."._.__.-.h .._.-....._ 1.__|_|..._.J...._ -_..._-..-.i...- 1 "..u_r. ..-.1..“....- e H“” “W-“:.”II.I“.-M.-..-.I._L ant ...uln.-.— - ..-__.u._.-.n.._._. .ﬂ........_...- Feteea ."_1..-._ Ry, _.1|.- v-._. -“.._._ ' .”. ‘et ....l. I\........-. ..-.l..-..u”.-. L H Ul_-.
a Lat. PN L - PRI LT T . Loa ! . s . o= . " - - A » T AT A e . P e . a . N ' - - - n . -
I-b_l_”_.._..iw.-..._._ e, P N L ._._t.t.__..._..i:_.-...-_.___. .....-_._._lt.l.t._._.._._t..._l..t.l ili._..-_ P .TH...."..._.- “..-..m..un.w...qll.._-.l..tii- .__._Tl._....-_|r..._...-_..lnin.-_.-.___..._..t..l..-_..-..i_...__...l....-_...-_-..I.___....-..J!._..l_ !l..t.i._...-_.l..__..i._ . -.l.__.._....i.._.....l. .l.mm_.._..- __.t.__ t._-......“ ..r .-.._-H.' P
.1l “: . Hl v.“"-." et ll. o * i ' . * - _.-..4. - - “. . I.ﬁ. l...l.- .I.Il.‘l-_l ._.1-_5
x 1 .-”l .:.ll. '“1 I‘L ] Il .'“ ...‘1.lL h 1
l-”_ [ o H—.-. F .-I - L ..w.. .
i e e ¥ - - lﬂ L+ "
. i .4.._._.._!._1—“! » .._._-u_ L] ._._.. 1__. -
Co L [ 1 ' . = Y
T __._u.:%mpv 2 - il
_-. ... " u. r .i .....-_ .._.“ W . o lh ] r -
" - -..u__. .. T, U. b ._-h_.. i M
. ......r IR e a i v
*. r _ Hanll 1 F)
. ...l-.l...r > .I.._.-_ - » L
a h.‘.__ .‘i ¥ .....l. - 8
I.l. u ' . -.' v * .-_ * .l.-_
.mr. 'l . .-_..1-. .-.. - -
-, B d l’lﬂ of : 5. ta
a ._.,_h - ‘ [ ] __ ] [ ] a . iy -ﬂ__.
o ] Ty R L1 = ¥ et ...-.L\.T-l._.. . ]
_1“_. _.___-._' ...T.-._h u.._.. o v A + . A B -“-_ ...-_ o
- ll-" " .M ] -..l. !-..f.-. " lb.- .- ' a I. .-ﬁ.q. ...w-
l\ll » e a » d— -ﬁ_n. ] . & . - . k. 4 "a
" a & . rl. .m”... u.1+ ...”_-. [ " .t = ' s . - P liri— ‘
" - .-_-..I - L.._ .-_.. ...r 1u..__ '“_-.1 e .!1-_.-.-_ -.l. Ja0 oA . o r.r
; ", e S N P U R S SV 1% R W
" am N ) - ™ . S a X ! - Fa o i - * .._..l.-. ) [ . ]
1|.l .-._—_ I.-.l l.-.l Il. H I.ll .-.-..l. I r_-_ .-.I. “- b! ".'_.._ ._.h iI. L .lu. .l.l. lﬁ -__-_ ; - l?if‘.-. II
" LN T . AT T ru_. IE. . .._.-_.__.—_..._..__.-..__..-T.._..__.-.. e _T.v.._..__._..__. BT .._- T " " "
r, .-.._,._.-_ .-..-._- I.l“. -_-..-_ ™S .rlr_. r.i. L L Fo Fr, .-_.-.-_ .1.-..-. " .-..l.-. l.- ..1.‘_-. >~
-. 1 _-l hh_ A .-_.-. r!.!. . - rI. .rI __.I. rl. L) o .._1 Fy ..'-. - .-.. I1.i o
LA I - r . ..-l Il L] ___.r rl_ ..u.r. __...-... - i -_. i .- -
" -”-" -~ 1 -.li » ...-. -lr .'d -__-. -_.t LI L L l_._. lll.l.-..-.... .‘II.
Ji .-\‘.whh v - ~y L [ e . .. L3 " - o - T
al i m * . ] * L. - e » ‘o Ll o =N
N .l..-. LI A - l.ll. l-.lll .rl I.r. .-.r _-r. _...._.. < - . ' —_.‘.n. . l‘f
r .L-_ Ul o .l.l.- b LA L L L ..._u- o 'y L -..L._ .-.__ n
“.\i.‘ - L *a - .tf- Ny . "y [ - . . - T a - & [
" - o " . . ____..__._. ..-__.._. L ._._._.v = -._-_. v-.u.. . e ., » l._n ._.uq__.._
L - » u " 1] A L + ] 4T . &
”'l_ .1..__..“ ._l.l.l Iid.“. .__.-..._. [ ] ..- _rIl Il"ll I.r.r.l llli .rlr l.l.r. -u..._.u L__[ \l_-. . .l.- .-_.._.f.l o . Dlll“ k ___u_ 1 -5 .”
[ - - a ' » . Y = . . [ - 3 P » Tm
" ...-.._-I.-. ) - h.l_lﬂ.._. -_..-. ™ " Iﬁt-. #-_ III_I rll. .-I.l ....I..I. .Itl_. .-..' at I-..f I - L - - - - . LR Pl Tty .r....ﬂ.! .
ql o 1.!‘ - ' - Ny i.-.- - ll..-_ .-J. ™ I“-. - " ..11 .I. a .l_-. ” . rl . -...L L L s . L " .-.-.. .-..__. . ) I”-.u
”..._-.l..-... ' - N [ .-..-._l .r.- » N ll_.l L - L - .-.l ..l.- f " Ly ¥, - . ._-.-_.._. _-..-.-.I T ' S A Fl-.. » [ \
-hl \\I“-_h r_._.ﬁ I._.__.- L li tl‘l '--.l .ll' .r'r r.rr I.- 2t - .-.l il\? LN 1.-r rr..r r-.u - - : . ! .l_l.-.._. o .- “. . U 1r.r.
' ] - - F L} . - . 4 - -
", =" A e *a "u " -_. .L-_ e . rvﬂ "' "u'. 2, cy a 5 ‘..-_h " 2 " -_.-hl-..._ "
LA .-.I.i .-”._ T, 1._...... .._..._ ...- lrl H.I. ll\l. .I Lol l-_ ilr. l-_. il.ru ._.l.___u . L ...._ ._f.h.l......_ .I..._. .Il .-_. .l. Pl -_Hl. .l.-_
” I..I ___.-u!. .-Il H- ._I.-.u . . .l.r ..l' "" 'I -..lu . .l“l. . ” .I.Il l# I.-.- . H.I. . Il- ’ -r__-.. . .n..-.n . .L.-. .l.ll . f. }ll in. [ ] _-.!.
q“lh .-..J ' A . - n ri.r. :w ll. !r.-. rr.r " L ks .-u... a". .-..-..-._.- -P- *, ‘.lll b
LI Ty ._n-.__-._-__v ICIE LI N t..__ N ..-.__.Ll-__-_. __1..1.1.511__ LI ._.l [ | LI L ...l o ..”l __.__n._._.__n.__.'l-..__.__n._._.__n._...._.-.____. ._.._.___l-.'.qn-r...._..n__.__.._ ._.n._._.__n._..v._...-_n._._.__n.___._._."rr_n._._.__n.___._-' r_n._._.__n._1'..'l.-_n._._.__n.___-..._r.-__-._-__-__-._.r-__-._-__-__-...-. -.__-._-__-__-...-..&_.__ L] __-__-..._.1.-.-._-__-__-._._.11.-._-_3"...__- --__-._.-..__..__.f- ¥ L

]
H-.-.IJHJHJ-'r.J.-. [ F —..—.1

.r ]

P F F F FFF FF F & & F F & b F & & & &b & FT & & b F



U.S. Patent Dec. 12, 2023 Sheet 6 of 40 US 11,844,215 B2

A N LW _ i '-.‘:-‘\ ‘i:‘ % NN L *.,__‘ N -. :_. '-._:-. e ¥
T - " " n L w.Te w, ‘-’ "'| 1
. '.‘ ‘\‘ _|. -_._ . .‘ -'.-.! !. R _..l
"I'-fi‘ . _'t‘_ ‘.‘!'.‘i Tar I

I -. -. h- ‘.

W l.-‘l,n e *'I" i, l.* -, l'l,n,l.hn :.a i..i,'.,,a- H i - n.:;.- A, :’:.a,l.- ol ] a.n:;:,‘:'-.nl_- -, i‘lﬂ.i R -‘u:-l NN a..q,,,n ..

e TaTaTe” -"'-f"i::-

ol
'tatutnetn

L]
.

Al 'q‘:r' =TT
"
.
a W,
"

P
: 1
r
] LI
r n | I
-l'" . , R ra k
o ] : ol
rr' -1 : r
] l'_-rr' r:.' - "
". -l' r' -F ' 1.:. .
i ’ r . . .
r L] r | [
] - <" - il h .
': -""‘ - y - " . ¢
L h-l .I ‘l_ .I .
v . - e ~ oy
; 'li' .-I_.' I.l. L _!:"'
n . n L] . ! K
{ '_4- L - :;. ot :
[ ] [ ] r - !__ - '
?"! '.l_ .rl_ .': e 'l._ g
: - . n W - S L S
F r LR [ ] ." = - L] 'l- l-
l-. " - !: " o -.-. * " [ " [ 3 3
- - +" L] Py Tar F— * r": L . L W ’ . . "
& . X N . K . . ' 4 S
A - - o 2 l-jl' h"' . "'.‘f "- :a. i'. . L5y v, 'n o [ "_,i- [} ~
A ..-. -.'r. "':"'.. -l [ ] b.i- L il- e N - -ll- - l‘. - -.l€ -?‘- :-\. .I:'.--. u '-. . -J-. .l‘- -
A" . 5 - = ',-" & .o . A (A o~
L ] ah - L] ] nxr - o=y :l  u » '-i LI k FP -
h - . ¥ 'y -, ") s - n »
L] L T - - q:" e [ o 'l‘ s lf -
o ‘3 M AT A A R N ) v
a Wt :.. vt ol o :‘; LY ) r iy
-‘u‘ - . ‘o mr omowd S . - “ T ':.. . *1' - . ..‘
." . » ke n LTh - r‘i.‘- = ‘.‘--.l-- I- 'l' '.- -..'-
L] :\:." LR ] -t ¥ . r f‘r'_ ."b fa - v
P NP ..;.:;. el %, *"" 4 v
F] o T a A
A Al fat Py
A ) . - x o= .
A X CIER SN W ar ’
A wt P T s x A v
1 L & o k- A - x, -
a o R g A ;
:. l}‘ - - B - .:1. X . '.:
;.* -~ - "_," WE T e .'" 2
] ] [ ] y b - ] 1 4.0 -
oA sl At ;
: ..' . ‘p‘ (IR |:J| . r:.i . =~ v
Ea - rE b - T - e . .:
e - r - ' ' ! ! .
.‘I‘ -. --q-.'b T b'-'-"-r L] LI ._: n " ‘l:' L 'F" . N “ '. "'-.".-
. i o A e . . * ! . - - "o
*"_1' .‘bl""l RN ) . . . . L l 4.l._:._i‘i‘l-.lllllll-llllll;.ll_ll_i‘lll :ll.l._q-._‘l:tb. ‘. LI | :._:' LI ] l.:,._-ll ‘.* .‘*l'.l_ “. LN L e _‘Illll ML L] -lq‘_ .l-‘
:4 - '_' :'l-'. II',J . |‘ -".‘;'; |‘ -‘ T !-. . ...“‘t. _.._ . l“‘ i H . -_.-; -_'_ H “-:"' :__
4 . L L ) . T Py e [ 3 Ty L A 0 -
it L% ™ " . . 3 . My P ] . [t .
LI 4 - 'I' - - "I_- - k| L
A, ' | . ST Nl N e
atm ey g . eieal T I
A L] i L 3 - wr -y - k ! -
I1 .“‘ ) : " " "- iﬂ‘ "'.. F'-q 'tl"q-l.:"h““‘ : .!_' :.-
b T omm it SCIR N E e ., -
? _-l.lwll-:l-I U ety N h-ﬂ.l‘il_i‘-l1.1.1-_l-l.-q‘-ql_iﬂ-|l1.1‘_-l!jll-.;:li‘--_r e |};.!l:1l1.1l1}-;-$'| rﬂa-'h‘ ."W:;:. v -..-l-l-"ﬁ
- b om w omoapowrdy o - T 1 om - " ] b - l- : [ 3 Y
A gy 1 r L] v P
: DR IR Bl . " . .-.ﬂi' o o
F] - .- - . - '
S RN R | i W {3
X - ok oa - . A .
'q i" 1R T I. ' '-I r. r ‘. k.‘ .’-. ‘_.._ll
e ; w hpom o wam - . o2 s
A A NP A s St v
o ORI A ol ;
e Pl A N, ;
L) L » - . - -
- [ ] " r & . - . - & ' ]
- n v . [ - L
. » . -.. s = kb oA ' - . :“i\" . L]
L] r .. » r -
. * " IR ="k . o . ‘l L]
A g phinm b NI ;
i . "l » 13 - [ r- ® [ ]
A r o :'- ' il' NN . ELH iy
a. - ._|:i-l\lI ,." Cat t;' o, lll.l:* :...- r"\-:" ','-
: .-. T '1.'. :‘ "'l-}i BLb r‘I - ) r:l . o ‘:
; - ot ot i L3 ¥ T b bR . LI L ] 'p_-h N
A u R 8 L LI B | + A, - AL AT ]
A T -:- ..:l-‘ . -~ ._' - T, o -.:.‘- * x ._‘ .-F...'__'.. * N N, g
X ..1 "\:' e " - b ‘:‘ 'r- llﬂ_ ek e'w '-I » '!"_ir - - :FN- 1.
At W~ et " o - " Ty ' ﬂ# . a ’ - L N s
e o et o ',r l .".' : - L LR . - “' * m
.4- ,"- - . [P "-l" .l‘ ";._. "' - . - = F bk - N .‘. Fy ‘.-
. ._l.. . W '_l - ' i ", - U N ,*.f', v
PR A NN -’-i:‘:-' & T . v
A Wt " =4 K e poe ' R Y
1 i .1 [ ] p-‘ .i- A | " - L [ ] ay * h}
PN +'*"-:. N, ARTAY R SOSNEY E a 4
: :_:- - - --' ':_ n'__q- -':..J --".gJI '4_‘ .:ri'::}" 3 » - vk l“l -:i-.:'_-_ .J'f. ll:
:4 "l" ':r' '.r* "'}-' i ‘. !I ‘t i"}:‘ r":..-n:';"‘. {. :l.J_I._. . '1: _t: '_"4- . ' :‘ : F: ‘;.'-1 i';‘-‘;
AT ot * . "“‘"“';""W% A i e A Py P
a o ..r"' ",p . e vl et - IR, a . o e e e X o
Ak _ .k ) ) K- " * L .ﬁ’:r & | '.l- { ¥ .
N S SO o RO A 3t et
A .il- - r ;I-_' . . i' - |-— 2Ta - -Il . —, T, ¥. +
a - - - o Il‘
: l“ I'.F -I" r-.- " ...-i': .T".‘I' , - ' r-ll L] Jl- .'.rl ‘.
. ] ] -~ » ] o - L ru w il . T - L]
A, .I r " _ r [ J -_"t 4 F - T ) J.‘I [ ] i o 1 r - a
|:I. l-f "." a t" ;-*;i- I"' # :‘- ... ' :J- -:.'-1' '1 'lt - - t‘\: I-‘I ll':'
- .k ! . . - 2
a .'. « .""'. "’: et 'i'.:i' o ":-"" : . : T i“ é..;' by - . "‘:. .‘- :'
:4 »r » o w. L -‘_.;. .:- a o, - AN ] LY ._' a
a " o A e M M b S
A .‘l .l- " "b ll- l!‘ L] ' .-'- £ ‘- - - -||-:I _:'r' ¥ “ _.‘I _.' 1 _l'l a
anm » B E] h-'. 1. !'.- -, -'_' ) J * - - - -‘I [ ] l'* '-‘_a !J .' ':I
.‘p .'l " ¥ -. Il. " . - X '.:‘ :n.' -..'- ) A - :.. w ' I" .‘“ ‘- ) 1 o ..:- .
X » n n " - ¥ iy v Ty [ 4 ‘
:4 'p. '..". ..|- PR ._‘i N ..1.‘;"1- -.:.-'.l : . : * ::': - :*.: . ) l.:r-' . N "'t :,
: - -:'l -_ll -~ . "1 :F‘.T:l'.' !.: . . B R :. :* . r:.l :"_,i - : .
n n 1 a PR 3
:"" -~ o " h ."- .'_i‘ ‘:"! A N T TR TR .;'. Yy y "_ N -. N
l' " - . - J.: L T r‘. I I..
A N - L] y " ""l' s oot i : . ¥
a " " o Lt et :'L."'.l‘- Bebm ) i ’ ¥ L)
. 1+ » . E g -+ mn4n' -, . - ' »
) .-" L e A vwman el S ~ “ v
:‘ '..' -" L g " - .k .‘ '..‘-. I ._ ; L k - . ;"
e :- ._t . ¥, llﬁ -ilii I-Ii t‘: - 1-._& n‘I_. - ‘b‘i.i_iﬂ‘:iiili - T e e
A : g " h ..\. - ..\..:. . T [ P
; ‘.A\:‘\‘;-. i. -.‘.-.‘ “‘.-.. . .-'._‘_ n...; . ;“ "‘..e'._ ..'\.. : ..r". .
K -, . - M - . - "
1 ,"'1... - I_'i.. h '\:'. _'l'."i. 5’. “. ':r":"i. "t My :‘
-‘I"n.‘l- -‘q i'.. h -\. ~ -'l-i -_":- . Ty ".-n..l - e ‘l- . LI ol "
y = l-.‘ i.‘ n LI i.- & -r-, L - = . & . “ FJ ."ll-}
. L ., . .‘ o " "‘_n- = . LI W . &~ ¥
T ."i(‘ - Y Yo "'\' T Ry e e Y 1 }F -
l-. E L - - = m LI - - - e T ¥
4 i.‘_ >, . - " - I'. . “t LI L] [ “_ o - .
"":_'!""":'- 'LJ&LLW:L_ ]
A r v, =1 i} “4 _ K . 1
.‘:':‘ '::' ’ Sy il 'I-'"' - 'i‘ ‘-“‘- - oy .: ’J’F' '—':.l
A :.'--* ' _::-1 "il. .il. Fd-' : 'l Ill l’:l Il‘
1 l‘-q. I.: I:""l I'-l ' _.:- “' ‘. “
: .'l-:'- " s S ' et " : v
h . ok = - LJ L]
A .."'-." . -" .l ' _u:it" 'l;-'_.. = "t .r" ..:_
:~ ' R . : -
:.:‘-I a x a 1‘:’ - ll a -h-l a4 .'h.' ‘K 4‘.‘ -I-¢‘I . a) :,_-I.,JI,‘:'.-‘!.,.‘:-I.,I ..-I.,-I.:::‘:.,l.,l ..: _.,.:.,-l:-:' ‘:l T r"::
RS " SRR L '.;:
r

S
'3":'-:" . ::.'u'f'hfi;f:' -

-.': ;-"t‘
.-. 1. .

.

. -+

E: \.-"""'- : ' - A o . Yo
v F : AT Tt - Y . . o ol S o
.':';'L'Lﬂ.'n";:.?‘r-n*n."*‘. ".‘"ll‘"‘i I:T:Li‘qliltl'l n"..""" 'i"'n.'..""..'n.'.." l“:"-‘q."" Il-lllll'll-ll::'.-l'll-I'l' -..-‘-I‘.:-Il-". . I_drl-l"-ll‘-l "i“::‘ili-ll_::‘.?llﬂlf:j: L -I'lll "#l'.'T‘T“ ..f-T."‘.‘i'LJ‘.l"-I .::-ll‘ill_-!.l-‘-ll‘l T, Il-!:-" qii'l-ll‘-l.il - -.l.l-ll.llll-ll.I:I li'll‘r-ﬁ:"‘". I:‘..l‘t‘i_"r‘ .".'f:j:u' -I' -"‘I - ‘::.I‘i

--'E'lll-lrﬁ-lll---"-‘i



US 11,844,215 B2

Sheet 7 of 40

Dec. 12, 2023

U.S. Patent

10A

FlG.

.nt.. -.__...
a.._:r w

_ CHANNEL
LAYER

.-..._..__..._.

e

=
_.._.

.*‘.u..l.....-._.l.l.l.._.-lrl-.._ll..l.li,.___.ﬂ.l .-c.. .l..l.“ -
s .._._..._ L a
B o L. ", _I.-
vt ;_.h. .ﬁ_., L A
. - E
e PO - mF Ao
at a' = . “
H a ok . . -
| UL N R R o
B -.___, " __.. L
R ) r [ I £ ]
| .‘.h . w kg " .l-.. .‘h Ir
.-_ .-..‘ .-u.-__ " Sl .- hb L
...-.-_ u_.__ v Sl ol . P
[ o l.l. " ' - ]
] e -w? . L _”_-
I -t...n...-. .1___... - ety
L g .
- r -, .ll F R
i.-.-. -. r l.!. [ ] _-1 ._-
'.- LA, .l.-“ - ._1.-_.__ .l.r.__. -, I .l....__..l..__.......__.b....__..l...__ .._.w

.. CHANNEL
LAYER

|||||||||||||||||||

.-_Ll ..”_._-.h"..-.l!“i.ﬂnlllfi_l '
..-‘.m_._u -_.Iﬂk ....i. ___.r -”._.

Illl...n.'lll... " A rFERLE)
L [ ] LN ...L. o
. _-t# "y

.||IH'I'F."- -.-'..ﬁl
LN ...ﬁ.u._. o

®

F . * & R [ I I [ ]
T i

)

= R LA EFEESELYTR
. l.l.q.'l.f .\-‘l. ..-r.-._’. . |ﬂ.-_.l -hs_l .ﬁ

.“

---'i-i.-
.i
-_l'

'E':,
!.:‘-: I-

[ ] L] . &
T W
m.. I'I. .“ 1.]....-:.-r_.'l.rl

. . -k .
] Woat iy A

" -1- .
“_-_..._..t |-1.-I-r . t“l--_ -
[ —__...... “n . _"“ ”J'_-.
[ i B . n N & F - i L]

L} ___...r

k » '
L] L a 1.-.._._. a

1&.}%“.!.«-.1!!!“!-.”!.!. - m l.. . . “..._ . . . i oy " . . lILm-l.:lll-HIllllL-‘Ill.—“._l L

1

o

W ._m.h. ) .._-..... .“

10B

FIG

.l..r.r.rh.ﬂ.l.l.l.l.-.,.

.::&..:R.:H:Hﬂ__- :.ﬁ_r: :I_.u:n
_;ﬁi.h:::-ﬁ..:m A S

WCHANNEL
| AYER

- .J”ITI FY .'r..-_ .'..I:-_ ..Il._l_.,..l..“..l_....J_r - .l_.l..l....-_ Y ..I...IL..I.....I - i, .I...I. vy ..Iv..l. o .lq...-_ PR .l...l..l. F .l.l.l...lr.l..h. ...!...-.h‘
L e e S e 4 . L M \\
T I - xat .._._..._..__-t ¥ & A < ._..___ AT o _1___.._
toa - - . ¥ > “.-.- . ...._..__.._-
L.. “ s

! ! 1%%%%%%%%&% I . ' L . - g%}i%}iﬁ
* _-1. ) & u N3 __‘.h__...._.‘i -_... ._J._.. -J.__ N ...h_...-.._ A h LI ‘ "
s - e et T e Y e r K -~ lt i P . ' i

" -...... .r.rll..rl.l_.r.r.l_.r...l..r.rt.r.-..rb.il

. ..|.........r..r.rli..r .r.r.rll..ll-..r.r.rl-..rl..r.r.rI.r-l..r.r.ri.l..ril._.r.r.r.-...r..l..r.r.l.....l‘l.r.r“l.]-. _.

....... ", a m . ) ) . ] i . ; . 1 . '
N N AN B B o e
£ LW .u iy _.-T_..i .-1 - . -."-. - "y ._r__ « ._.._.. ! _.. m.. A
o tl-.....:_..........r....l.......r.r e ......._E......r......l_......r..........t.t.-..... PRI R tl-\1 A .-.r.............l_...ln...........-.-.. "l
" ..l.. “. l..-..l_- ..1 ) LT ___.-.__.-..“l.
e . . b g et ¥
.!‘ o v .I.I. .l. ...11 1 Lk .._-_"l. .-_-.._._ NN +
- - Pl T gt )
____..t Pl h... . .......i_-.—. -

N i u » . Pyt "y . » .
‘A .-...ll..-_q.-...-_..l-.”.,.llt..-..l....ll”..l...”.l...l...l’l._-h-.l..l..l.lh.l.. R l:.-___l.l” - .-.+5..-.-_.Il.l...-. ' .r...l.-..r - .-.__.l...._ P .-..i.l. .-_J

Court
. l.ﬂ. .=
; St

- FF1
l‘.
-.l .ﬁ.lrlf&-
I .
L] A .-I
r e r

y _ PR,

o A i l .I . l.iﬂl”ﬁ”l\ L _E...._
'ﬂjl..l.‘.ﬂ.ﬁl Ay .I..I..hur.l..l.

; ¥ .
% l..-..-. - n srammrabtamrs s g a'gr o amesagssnn
.-VI .-. ., ..... ._I.H.. . . .-_-.-_ . hxr 1.-.‘..-1- .-..L.L. -r_...-_.J-lI
3 A

.I.I.l.l...l.l.l..l..f..t..l.l. l..l.l..l.b_.i.l.l..l.l..l...l..l.l_.lni.l.i.l.ll..l. .l...l.f......t..l..l. -

-y l...-..-_.q.-_l.l_kl.l.l.hl.l.l....

LY

o

ﬂua " M
.I.I.l...l.._..lﬂ.....l.l.l. Fiy SRR &+
1

R g .v\.\
. .I..I..IN...-_ ._-...l-!..__ﬁ..i_..l - .l.li. .I..I.;l__._ﬂ.-.t,..l..

................

............

P F-..._ﬂtm-.u;rnnr.ﬂ_htrtwnrrtnﬂﬁbwr .............

sy T
L.:..F--L---wu.-.?--.a--.?-- .r:H:H.n..:




U.S. Patent Dec. 12, 2023 Sheet 8 of 40 US 11,844,215 B2

FiG. 11A

111‘#

ER LS

b

-‘ | I - I ﬁ. ":._ . '_ ‘J ) “' i . i - "‘.1. ‘I-‘ .'l q‘. _l. "h' ‘l .“"‘1. "". "l 'l.-l < T -<II ' *l.‘ B o i
. ) ." “ i“ ..I."i L . ":'_. L "‘ _q_. "'l.. . L] _." - \ 'r‘ -‘..' .|. _ . ‘.*".I". tl. . . ‘ _"_.i
..;}. : N, e, N s
- ] = * B L] L E ] .- L T ] -.l.
a - ] [y = n
-: ‘!l.‘_ thh‘*q. L i'. . ] .il‘l . "{_,.-_ ““.ll! - '_rl." . .‘ﬂ!_"...'ilh . '-‘" ‘ﬁ“‘ '1
3 T T T N e e e, e :
"""'..t O T e N “‘- = " T “'-. e i
:.lfl-";. -‘!' '.I'J- l'l l. ' :‘f'l-'ll. br;;.‘.i.l " _fl- hra b:‘_.:.l. t.-‘* l'b r ‘ii #l' " .b:lr}bk"::;::.l.:. '.IT* t'i-' b‘:‘:}‘ . b'*:bl " b:l
X ] F
" X l'* ] o .Ir*. - '.,-_ r’_" ' 1 F -|- !', T,
y & T "' L r - - % R . r,
-t 5 - “'lr r__dr. 1-'Il' T‘} = - “r.,‘
- ’ - e -, 2 . " :
- . :! ,F" lF -'l,' ' * *' T,
o | A S .} .." o A L T 1
:i -l"- H -: B ‘e .‘*a - = T, :"1 'rl: ) T
X -' [ T " 'I'.:"' ik T
-l" A : :-':'-'.r.'.:lp' é i lij ‘w -':- . l'.i- ‘w hﬁ-. _-!"'- i |':I-* :ll ..R:J
': Tk I'h:r- 4"" - SRR T A - '1-;. i-"I 1,
N '1-ﬂ'-. 1 "' r N .ll‘llI [ I “'I .‘I d" a .l" LT ‘-I' '!:' 'll' T
__J. . ':.-- o . ..:. 1 '_".'_-. T a""l. "I- .h.- . 'i. . ‘1;?";"' :_l-' 'I' :J
A . ', :"., '.'.ﬂ oot - w7 .r:,..* "l.- "'1... - - _.‘1-1' __.-"‘ . ‘:
B -llli--ll—-li -ll-illl =etoRs ’ I -_—_— i g 'i .'l'. " T
R A o S ** reneaa :
-: '* rl";' ) r‘.';"- l'-.-. i‘- r‘.ﬂi -;il‘.l-‘ ‘-- . '. .‘-" ' rl.d -:-I : ) I‘ :!.‘1 i'.‘ .ﬁ-.:- T:
-:'-I#' '-'f -.-_r . |1"'1 '_"' . LN :I.. - "\. r.- . ' '..l'I i' rr_ il-_;"h ll.:" - . .1.l ' . 'r'. .rl :
& F' j_" i"" ' .. - " * .l .1 : * ] -" : T
’ ) ) e . [ SR NI . ' k
: "-H‘ -_U'_ 1"' = W L h T “'_Fz : 'r‘
- LA LA o . [y = . L] r .
M l-' r.-.'- .:..1"'-. -_'r“ :.i:a.‘l...n.a.a.‘....a. .‘.hh-ﬁil :d:." et ':-.: '.. .‘:
N LI i -..I' i . - L ILIE | .II. -
a o 4._"'-." 'y :"'-. S T L R } 0N
x '_!_- .l._" .-l' ..""'1.: “‘ 'h‘ ""l' r :,’. - :'I': i .-' :_J
_* . ' 1 .,:\I |'_ -I- l- l-. _ - [ .I- “ ., .' ...J
X r r. + P ."'ll [ - - l- l'l- [ I I "} -' i L L]
‘:,-. ':':; W 1Il:.r :T.?ﬁ*.*.'.* : L -~ "1.1-. - '_,.'.
. o~ o e . " Faes ' :;r' o~
A b e 'y " ... F-a10 s N aa - r‘
Do s o S B A
s o - -~ . e SR : 2
% o -~ = o~ I g N KR -
[] _ _|"|- .1 .I E '.‘. "":. .,' i H .'.'1- -‘-.' 1
" » ] [ [ 3 - " 'l' T
Y I_r--' ':. ...- .l- '—'J‘ '." :‘:_._':ﬂr'ﬁ’. w ' ‘_ : " : :' :J
A L l. l-. * SEE s et .'.lq ":.‘l.l r - | B T ---J
.;-.:- . _-' 'p' ';" E"t -‘1- .‘t‘_ -‘1_. "1‘ ;-"' 1'5 ] T .:
- A N W b -
x <t - . ML L : L . F--viat - o :‘
» ] 1} * LT By | [ Yor \
L] .-. ..." '{’ '“1. “..‘ ‘\:‘- -‘.‘- ‘.‘.‘ ...: 3.‘ '.f: :. . -_l': _ .‘.' :J
PR - » e T, T, N Y . K . [ ]
r.‘_., ‘.,. *',* > s S -:':1- p‘_:. :_ ot _--: J:‘ - &
! ll-lr 'l-l I-‘ l"' '_-I'" f..:h'" p.'-.-{' - i A ) 4 v -'Ir'J
A F ] - . o 'l T e, - = r
» ¥ . > N Pl v ow \ 1
I 'l-. '..llfl "',f.‘ -l"lII .-ll-' '1-;‘ :F" h:';rg a : . st :-: . ‘r]
ot -~ ,-"’- " " LT D y e
4, W 1 [l I - -
F P . o T ST A
] ._ nqu -l- [ ] L] HE _1‘1‘1-‘1"! . 1 A
e -..:"5‘:"-,-,:. — '\.‘*_-- "’"-t" T et RSN TR ¥
AN o, ey .
f;.'__ .-""_. ‘:... .‘-‘-‘:-l.___ .::.:-'.: q‘:r o _+ - : --:: A .: :';_ .‘-;::
Tyt ek '“'-. '.." - "'. "q_'f- -.l..-:li-l- r_!:il-".iqi’:ilh‘ whe b L ) " ;
iy N . B o = - o | I LN r 3 LN
‘,__ H':ﬁ'-.; : _*_'l_*:-f'_ _ ¥, ) ) s I'lﬂ'.:‘-'h 'ﬂ"ﬂ I-i'.r"l§ 1.' N I . _-f*ﬁ': ™
.r.' :" il l.l."-' L B B BE B B i) . * .’-":.‘.':::;-"'--'l By . .“I;" .‘l““- _EI:‘I!';. .ﬂ' :‘: : » ::': - -‘h ) E “. 1r-‘
I i - Tuy w A . ik ) 3
¥ LI s . l- = =1 - l.‘_ o \" -
L il I -l--l-'ll"i 4 4 ++-I|" T _F & 4 \ I**-I-i-l1-‘-‘-“-‘-41--‘"1-]-1-1-1-1’#‘1* 4 -l--r-l' [ ]
; B e :‘:" :": ) ":: SR e e SR XA
Ay S ey :
Do BB i QR 2
1 . D ] 1) ¥ ¥ ¥ Ul ) » '™ v > ) > ) L
. T , 1 B S B IRCCRAORR nuﬂ:’m: :' a2 :E“ O AL #:E I RN e :*:,,;.':H:-ﬂﬁ*m Pyl ) sa s :: s e : et i ] Py
- ﬁ_ .*. h [T .ili.ill.li .iiii.i.-ll .l.. ....-.l [ NN I ..lii.i-. L l-i L -L ) l..-.‘. i-...L .liii [ NN e 4 = ¥ T
L '} Iy - 'i:.:i:':"q- ¥ Jr.':':‘:':‘#'#lq-'t ﬂ#’:‘ﬂ'?f":":"?:‘* ":‘:‘:’4- X 4‘#*# v :;:':*:‘t XK *}*l?:!:l:h:#*i:l:#:l:&*I*I*I#I*!iﬁ*lif:h:#ﬁ:hih*:li#* Jr::"# ::4- » Jr"::bdr":‘t‘#‘:‘:‘i*:‘?# :':"t'.f.# l’:-:’:‘:‘:’} :.a-':'h‘ﬂ :"lr 4-':": » -‘1""- oy '{ .q Ty
Ir‘ R l: & :'- e T *—*-*-1-* J"-J"---"'--J"-J"-- 1- - --*--t-f-*-ﬂ- .-:-*-1-* b+*::-" J''-J''I-J':--*:--J"---‘f--’f---'- -*-*-*-1- ._- e * Jr- Jf--"' iy Jr-“:-* i -1-1-*-1-* W t-* *- e *l-*q-;l*-’:-t-ﬂ-":.*-*-*-1-*1:-*-1-*-1- L :— :..“5-.'!'.. . .: % ; ;."l‘ 5 l'I
" " s P T S S N W P e
-: r" nr'. -n-""‘I 1."'!:. o . . - ! k o : -_r"'d‘- -r'.. e ‘l“ "y I."\-I."I-'-'--. ) N
:l l" u' 1:"" |:" l.. ll lr r{ . : '_ :_'-"" :'ll: - ) - I_'} 'lr' ‘;‘_F' '.l' R ’ -‘.: I-\,:".' =| ‘..;‘- _a; i;' . ] ‘i- ':J
X5 l' f - ] a ' 1 » - r L] ] ] Ll
Tar L] { ! ‘1..‘ e ol T ™ 'y - +* L, ) N r oo ", =" "
:.'* ! ': ah : TR . :l_."r.'f o T - W' o, TN ) ; N ot “
-: [ “._ :- : l_:: L] dl.' w"i" . ‘l:'. -I-.- -I'.F .i - .‘. ™ 'II| ‘]."'-_l . " 'r:
= ‘l . LI . ! Y 'Irr .*i L & L} 1k = -+—..-| T
-: '3. M ) I:'P i;l.".'-‘ T e e TN TRy - s ey i‘* .-i" :I "'I “i'. T J . T,
- r - ¥ - nea -_I_ . L L, L - n "'-. r lp‘l L T 1 -'I 1. d-‘_.: r
:-‘: " { - J'L'-' o ""' ‘::'I""b‘ e, W T . :"..‘- N r*' ‘ﬁ ."‘ ﬂ-ﬂ.* l-‘ gi-l"q hl .i- I' 1
:" .::. _ : ...b. 1 ..:: ".i . .--I ,". ) -'-E‘: l-_.‘" —i; _q'" :' '_'_:p- iﬁh 'l.:...r'.' ;ﬂ'?.::!* ‘i::.\‘-.il'- . :J
_h 'l l1l st ' E .r - i e, - L -rJ . . -t._" -i N i . . -r‘
_h 3 . . ) : .-'p‘ ' ..:: . :‘-"_ . = s . ::.: 1;."" oA LN 1‘.' 3 ':r. : 'l..: - "-'1" ! .l" 1"
R LA . . "y 0 Py o e w, X o e 1.: ‘.u" .
A J;r F - M -.-' ﬂ :. .i‘- .‘i .’. 1:';: -‘ - ‘ﬁ‘- . ¥ - A -t‘ 'H‘_ .‘:
n, "’ ol . . . - I 1, l..r_ L] . - .'? LI : o
-: . x s o i: LN -:'"" " :" :’1;-" - o* g e 1|I""1|- Jr.,.-'I . il‘i. %, % Py
- - * l. l' - i R T [ ] . Fr - l:"‘: - 1 ‘l: - .1-" 'r‘
T _.ll' A ,r‘ 'H'II -y-' LR I ‘-:- . . l-: ot .-f'*a .‘r o . e e a .'.- ] “i‘ . :.i - 2
. - L = -
_h 'Y Fi - v r s r'.l‘ [] ‘.: s :II . LI l"'r .l' [ £ e,y il' ‘l‘ -i - TJ
- *_;,*':,1-,3 : Foe - .:E SR S "_.* o 1"'1.:"._ ‘e ey ,."'- .fr"i-,,..J I 5
-l ';-_ . '--:l- l‘l lr- [ ] 2, - -_l- . *\- [ -'.....i L] '.‘ - r.- 'l".-'l"
_: v "._I- '-..."Q' i :-rl' - -'-.: .|.: " E;._r.;q:‘.:a-_h LR J-'-; - e ‘.'I' '.T l-" ‘:,:I-.:" ' .:.'_ ’ :: e “‘_ \"‘ i.' .r,_ll. o
R . 4o v H Ls e ¥ . * - L o ""i LN . 5 i“J- ‘i - :J
: s e R N N N R S AR NN R B
- - - r . | BRI ] - .o ™ - r - L ] i T . -
A . ) { ] . _'-' :,I'"."-"l: \,."' ‘."l. o .‘i.': ‘r‘rr ".-'--"":.r . t‘. . [ 'i' ‘.‘t _:‘ i";__i o :;.
-:‘ '- '. 'y . -‘. 'l' 3 '.'.\. -‘:. T I .j" r::, b - * . L] ‘; I. 'f"'."- ". l'-'- il ‘I - "T".' '%F.. :"I: r:
:l -'.-l' '.1' 3 . :.-. a = h: [] ;l ;_:-:.’:H-.:?:'*.“ - :h r‘l_i'.'l .‘-I “ ._i:-'fl :' .F' fr;" ‘i‘; ‘.‘-‘ .:1. .r'1:15 :J
] L] L I , - oy s - - ks » - ] 1 Ll
:" ""." o Coh N :" T'r" x e " el - Lo o 5’- - v, ) _1-,':' T
‘.’1 ] L ==t o '-.‘."'" r . . . = o T, T ‘.."‘:i = Y
:_F' o - r ) .:“- !'?"r F- e :p T . ‘ll: 'J" T —.r' -~ - 1.‘1. n, ™ 'l' -_IEI "':‘ ':'-“ #n‘;"t H ':':".' .."1".
A ,"- ..'.' E‘-" a ‘:’,",'r' ,""5 ) :‘Jl.' n::"': T ;". _rf‘ ,r" e _:".'. “',,, ."‘:v. :.' 'lr.r N I.l".-' . -.,'.zf- R .
_h l'_. r- . . x __.;- ..:- » .i-' .{ . _.* " on M ] ._l_rJ '_r_- l'.' ‘- -‘ i.- _ 1.* " -1" - _|.=1l‘ i ..'_+ TJ
_h - R r ;;" o LIF ot - LR l' POl r - T - L " - 1*"1- » $ L ¥ .'_i' 1
A l' -rr.‘r "'*‘ --':‘ . ""-l " ] - . : -.-l"l‘ -.*' " l-.:l '- :r - -"":“‘ :. 'r Ii“- t‘i“ i ’1 :‘
A -r'- 'l_" .r."l - ".-:"; o _'F:": - . - ,:F' .p'.?:- ' '.'jil.i.'\'. r -.'* . 'l.hﬂ:..r "y ; - - h‘:- - _'I." .'I' _l.:‘-.l-_‘ * _'.I' i1 “ .....’ . _|..:':+= -_.'r' 'Ii:
:" H 'r' . -_r' :"“ .‘-E “E ..‘I ':l -"-..-'-:r" L : - "..". .‘-| y 1 ) -."' "'." I ‘l‘" =T - L) ‘I:-'- . :-rr '.-" ii; . ) LI Il" :J
i o' . . L = L .‘.-:l R .:_'. ....f' M " - ‘x‘, L o ‘J . - v, . /
" l" " . -' - '1- "u S " "! M { b, st --:p * ‘l," -l‘-r “i.‘ “\‘. - “';;1 ' .-' “il . r 'r‘
R N S EE T AR L R A i ;
-+ o - T “"-:-.a L 10 T R N SRR : 2
g . i iy S WA P ¥ ",-",.,: Ml In - gy B N '\-":.-h"‘:“. . -
. e - . " et :i q.ll"} R :F E 3 "r ) Wyt T
L r [N LB r L] . - J--.-:..- -, LI o " N
" - - - e " 2" Wl WLy A X T
A L LIT R e T ;
.‘:" P r!.,‘:- .l‘l“ ‘ﬁ . hl 'll': . L L 1_:
o . 2
3T " "
.." L
L] ] .
L

7y

L
A A A T A

1
LN 1
] 'l-. . a
.\'q* gk 1
- -I‘ 1
A - 4

.:. - X
N - :
¥ 1
"y - 1
X ._l-‘ 1
. T
= .

o

g ) .\,:
h_'tfi;liaa-q-a- \\l}i‘:‘ilijl"l 1"; ra-il-afrq- l-l.l-‘.l--l-{
:'FI- Pr-a "- a.l- ) |.-|. .-
" “.\ ".I| .-.“ ‘: ;:‘,. -f." . _

A .

. ; -‘.j-- ; _."; "a‘. - ‘l"'. g .ﬂi N l‘_;
S e _i"'f: P ,-5.',, “:"'" -l'f* .

FIG. 11B

I L AL R L N S I A
i -y ". ]
-I'T -I" ;i - ":. .:.1|... ‘ l-l L] " *.‘.'-..: '-.'
T, Bt '...-.:.
e AR IR t.' <
.:,' ’1--_.; :J-_ --1‘lql: ' |'-l' o
ot I I Ko 4
L Wy . F iy
e R £
'f.-‘h:;‘"." 5:1-1-'::-1-1-1-.‘1-.:‘1- "‘“J " ::_:_.:1-.-.-..1.:._ ::'F..il:?'-.’ ‘ﬁ-"""'"!h..i:“ r’-:n_n.
: e d AL " .
TR SN S b S R TR
] LA |- _.l. L) I L] F wc-a T K] Tty I "":ll
.,. . '.n- ] “ "_., 'y {:‘; R . rl - ¥ "x hl‘ * "a "_l t. .I‘I &
“‘:*i h-‘. - ‘....‘:" wr T IF|.I"'|- ..'*I' .‘ .1‘ "a " i‘.-:.q. ' -|‘I
Ca L § - kR P - ._.'-. “"wm s m w .
» "l‘ L] L . 4 1.’:i .. . " . “_1" - LR
. - [ ] l!:. r .‘_.1-.. ¥, “a
- ‘- - - = I'll- . '..I.

¥
o
ar
»
»

Fa al ) NN M N S i s
.;.:_.L_iy.f.r.t.s.t. L S
W Sl o Sy gl Pt i 1

T T A T e Ty vy, I"'*':'i""* iyt gy

.,ir 4'4-':'4 = #"""'h l':'l'!*:':’#'h'l‘:'#.#'# *'4'#‘4-:'1-':.1- :

#'#'bt:'i‘r_l'_ll'#!\_:-#_{ﬂ.l t‘tT 'Jr_l'._-t_l-'lr"r_l-'p-ﬂ-_ ‘l':‘l"l'_b'l"i"

- ——
-"'!"-"!""'I'-'l-'!"!""I'-!'--"'-"!""I"!'!'--"! E LR TR BN SN T R Ty ey
B N e R e e e R N N I N T o i e et S o e )

W-:J:::r‘!."i" ey B A g 0 U0 ARGk L B Al e g 0 R A B B e AL A b
» ¥ T

k ]
N BB W e ) 0 e T B R NN R AL R RN R R R R e e M BT R R M N e AR Y W)
et e e e N By

o e T Tl o e U Tl Tl Rl S Tl Sl Sl T Tl Bt il Tl Tl Sl Sl S Sl T TRl A TS Nl Tl T Rl Tl i S i e o L T S N T A T Rl N T T N Tl

¥

by

SR
" - * ir - '

ettt ‘-r,:-:li Ttattete? ;1%;.;.{.;1:-:.#*
r':'-r r':-h Jr"l'-:‘i-:" ?4'#'4-’4'?##'!'1-‘1'&'?#

>
I'Jr'l'_l"h‘b'l"k‘-l_-l'-1-_:'!'?_!'}'4"4'_:'1'_#‘ o T

*-:
e L ¥
i
:_}g.{
]

- .-. -lll

L
I'rl‘:
LM

ii-:#
i
il

2
e
v
s

-
-

L}
l
-l
o ]
j
i



US 11,844,215 B2

11C

LR N N N R

'. ql.

Sheet 9 of 40

FlG.

Dec. 12, 2023

U.S. Patent

L}
AR
i Wt
-.—...-*-_......-_r o
.__.....- Pl LN ._.._—_._H.q”lﬂ._..p
e L e e
”-"...H-H-H.qur......-t"...._
gn‘h,._. +.-ﬂ.___..-._,4-_-u.,“_q-..."
: EN O A
o | ..."!.._....-._#.......J-_....- LA
m - # O
.ﬂ. - b b Bk
. ; “.-“......—._-........_ I.......l.-.-....._
i E RO N
. | O ML N
._.t"__..l...l..l. ...L"...H._Hnn...uiu.._ -___."._.."
2 O e
L-T...T;-ﬂ.fr—#
B
-ﬁ.__....._._.v....__.n .......-.__.._-wt.._
O H A
.l_.r.-..JIl. L) l...i. ”w."i#.f'}.l.”'}.l "
! r...__ .._ ,J__ .n. . . ...-!...“._—H_-....—#-H.._.-l."...._
| ) e gt
o L _._. ._.__..._ ._.... E b ____-.44"_-_”._-___. ..."
", 1 e .f e i B Ne
.:” af 1-.- 1I-_.l llf ol “.ﬁ - ) . |.1.l * ..ﬁ ”
L] Y - o 1.
1 .._u. N - . i W ' o . :
- L] ™ - 1 .- r L}
e - - . . . w . :
PR .l .-_- . . L ¥ " L e, . . 1 , L]
. " - . el . o .
I_._.-....I....r__.tn.r..l....l - . ”-_. . -_.E. Iu...-.-. .- .-.- l'Jl. ..-ll l.-_ !F "i._...__..v.”.r.“..-..-..-..d._......hllw 11.._.._-.“....»&._..__.\..-.._...._..__5 -\ _...q.-..__.‘.._h .-.q.__.ut...__.._.__.._l..-_.-.r
i-u-_ ..1. .-.-..-. .- ta .-I_.I H”I..-.-....-,..—J “- -l.....-....r,.t-r. 1_...-.,..-._.-... “ -.th..l___.—,.....-..Ll.-... ..l.._l...-.rli..._tl!..-..,.-..tv e l_..-i...._l...-.r.-..r.-__ 0 L u“ e E ” F “__ ! ...1 ” ...f _1.“ _—...._... T "
.‘.I..l”‘ .II_.\I‘~ - - .1“ . Ih. DE l =, l L....-q.ﬂ....ll-.. L.n__.q—..-.......__—.._ o .yt IR N
C A . . L= bt T PR
p .-l-. I.I“.\lhl . SN 3 . . ; ”‘l. ..!.l.i..rh ._...-..-_.-..1 -..__._.1.1 “” . .—_l-.. k."..__..ri. .._".. Hl . —_-Hl. . L] PRI b
. | , r r - + r d =, w ) wa
M e, r-. l.li.l Il.!.‘..‘ - . * .‘ "”l A m kA s "a l....l." .“-.__ ”—..._ ...t...........}.u..-..._”.__. a l a J.l..1"
. l.i-_ " l‘l“.-. . ..'-. ....-.h. -“ .rl." .I.I. }l“. ' ._. IJ
| TLR r -h " uot ) * :
Ml - . . . Ty ’ . ' ) i ) 4
-.,. u .I-... l-..— s .Iil....ll.-. h:h__l .-._nl.-r.-. W ...-.....—...E-..-..”.F-.... . .i.u... . ...L-. . X . .1.-.. v . J -“ -~ '
" e P .—.-l-.”-.. P l-.””... P gt g .—ﬁ.—. _nt-..- i - o L H
- . .1._...- . - [ - . - :
L S L e b
- .. -1..___,.: " .__._..____._ -l.-. oAt ot P S
W RN g 2 T
k ry . . ", T . . rreRE T b e e
e n .- LA L M N
. u___«__p_.. g t-r. 1.v_ 1-p ._.__.._. ra ...“lrt-p-_&.....-_:..._-_'np
b rrat . - .._..ll.. e .._.-r .l. - .._.le.._. R .I.I i/ - - l-.&.-....-*.rl..-.nl...}II.I.}b
a . ! .*...... o aa T L ...1..... = uﬁ A.. e e o T L
. -~ 3 wil . v ' . . “ e
oo s S A st T - .___._.. Ll NNy eyt s
- * L » o » . i T atar
? S T Sy > T
“..... . l-. [ ¥ ¥ .._lt t.ﬁ"...#'".v”..."li...-_!"..."
[ . oo RO N N
" . ._J._r o *
A . W e
¥ S ey v e
“.__.r.- o e ._-..._ T J-_.l_.._._.___.._.. -...__..___..r..__.u.-r.“_.._._.._ .....H_.._. b ...'..__.._..__...u_...._.___ﬁ.hl.._..___...r.q.._. A .-“la.#-_-...”.._.”r“ I-H-
- ] ¥ LT b LR ]
\ [} ar k 1 AP o e W D
S e R bt b
W . ““.4 iy lor L0 o Ml
B e Bl e
Gt e o~ : u.q“.___.._n#u... P o ....".-ﬂ"____ N
o at e - ' N L A R R K R T L
s i R DTl
..unn.,h .....n....q. t“.q ‘..".q” ”..,H r-_. ‘s 4 "*a *a *4 '
SN AT RN LI -f_..._ A L - Ll & "
H“ .___._...-.i.._.-_ l___-h. .._n“-.._.._. e H....H . S p...__p.“_. s . -..____-_ “a, Y, *a,
- F Rl e T "u A o T h ‘e "
i.‘ . - ..- o T n o - - L ¥ lﬂl
L__..' h.!- - o ..W ._-." l”... f&u.-“mntu .- r-.- . - - L . a - .-._ _r...l ..r.-..._
o L e Ll AW ] L - . - L e
¥ = *, "l o w_. L] a. " - bl ",
”., .T.- +.__..- ._...._a._ -H H .1”...4 ...”_...__ J._-. -_.-m ........__. L.1.."__ -r.._ -_... .__.._.__ M " .
__.._.-..l... .r-”- .-.!.-11.-_ # ¥ ._-..._..-_ I.._.H_-.IIH}H '_lr L ....-... :ﬂ.. .J.-. -.. -_.ll rrl. h_:. |
__.".-n-. .-.I__..l.t..-. ..l. = ” -.”.._..- .-.._..I_.- ' -i linl ' :.1.1..:.. I.lﬂ... dl_- -.-.-. L] Il. -.-. :...-_.- -
- - . n - 1 " )
"v+ o ) L L O my _...._.-.. . " ._.._._ ...._._. ..__.__-.. .___.J“..
; 8 A T U _ i
- ¥ o TS ... ' " L " . Y :
. o e A T - " Ly ’ - . 2 !
- ﬂtnlu.q P N " - y " N ' . . L ] -
+ ) I.-......- .-_.-.... i *a rr L] L v b ..-:. l. *a - " L...__ a
“.._.-... ey " - "y ol . " P - . & "
- -..ui.__.._....-_-_._-.._q Wratah Ty y - - i " T n u ! . M o
- . L) L] .. " i - * L A
. . ;w_-..:_l.-.... “-_.._..-..' n -, L] n r -~ J_. L] L] - ‘o 3 *, N |
- ' L | » - - r [ § - L} . .
__.....I L ”i.”...””?..””‘.‘”“# ---..---.. _-_i_-. .-.-.t. :.._l . -...._...._. -....11 Ill .J_.- -J. -__J-. ._..-.-.. ”1.1”1. ’ .L“. -...-__... .-..-.-_."1_ -_-._.. r .L‘-J_-j A
" . * ' - ., . 1§ » e ) - ' )
e \WM"”” -H..."._._ ...”...“ -_-... l_.Hl.-.._,.H_-ﬂ.. W A ...'-...._..__..___.__.-.”__.._T.ﬂh"_v.._: r-_.r. u._....utvil.-...v _-__-._.._-.___. ._..._._ w' e L “ T _._h_-...f._.___
¥ . WL Pl " e Y Lmi B I A ._..__.-_-..- ! a .
. - - - R " - L] u - . ey i
. . “-.... o -.l'ln H = _._-r N ¥ nJ o " k) 4 r , it i hT- Ry a
- . - : . . >
Iy . . : “lt.... Wl”.-“"“...... - .-I.-. ti.._ . "_ ., -_.u o ...__.__ . -, - o .-l-.r L\.. 2 . r__..-._ ..-.....- ._..._“.t-.
¥ . - e .......H T ._._...._ Sl LY :....-_a__ N SRR . ._.____ . . A far ._“h.___ T
". ln-.-. a“._.-_ “\-_ - .......-w...t.. . .-.-.- ! ....._ .._.-_l. K o g -_. “..1_-. . O a% A L » L
" LA *, llH“ ”.r“ .-.”_-. - Ll o ..i = 1“ -.- ._..._. 2 oy . ] 11.[. "}. .
. . A x N, . . , , .
.. “ B R N T R N Y I, e W
e Sl toteorst AN AP RO =l ., T A
. o Tl Y .ll .:.. .-... 1, [ ] [] » i o ¥ ) ll. L r ' i
__..-..._... . o ..Ww " l"'l. , = 1 \ » .- - T L] = r . L L L e
& . - - ”..- : \\\ihl“ ” -”._...M."...”.-.. L -.-._._.. .-... :.hh_ M_ h‘.. t.-.-. “_. ._.__.... r ._....___ _-._...___. “ ......1. T . ”H. ...r._..l-
R . ; ' h LA - [ 3 . .. ' " ! »
"p by .n.... J e e PR, M S i | n......_. ._-.... *at .__-.- * .__..._ ...._p.. . ........ et .-.!..“_ L .-..- k .._._.___ e it\t __.___:f..._ Mt "
M _'l L] . 1. r.___ ' . - Bl 1.l.-_..1..n.._.-! J__-.. -l I.l. J--_J r ... lf T4 =~ ® ...._. ...__. i. .-_ L ...1. 1...-_ ) " " ] \ 4 ] . E R ._.._.i._
b ._._-_.__f . : } e, ..ﬂ...-._u.._.n....r ..,... i :...u_....._,. . ...__._ e ....._. e ._ ._._....._.. ...Ja..;..i.-.....-. ! .,-l__...uu.-_. o e, N ._.___ - .... ~ .. v, .w " q....- .J PRI
i o, W T ..f._-_. e, Tariabe ..._lh. .l.._l...i._-.... .I..... oo b F .I-.h. .-...I. ......i l-.Il_ ..-1 ._..-__. 1;.....-..1 _.f. e l?v.?-.... v a _J- m.._ .. ', L .--1-_.: :.. !v- .__.-v. .
__.'.___.— . e - - .u. o R P, ..._..r......- ..__H_..-.i_....._.._._..._..._._._ ..._-&.....i.t % " e

i
r
K3
':l
: :-
-Il
-I'
1'*
. i‘
o
n. "l
el R
':-.".-
"N
T

]
] F]
il N g * . _._ﬁ .
.- S . . .. P ]
et A e N . "' -~ . . - . :

. W Ly .-...._.l. - ! ¥ . s ...v.. = . r . . .. . -k ., .. A ' - .. .1.. i"l.u AN N
* r ...-.._. . . o . . . _.._. . ) L ' ' ' . . -.“-_ = K o - N
' Faiie s I.I..“-ﬁ. .v ] ’b Ll r lv # . , .r- [ v . ) . . ' . . )

" a Tt e e A T e e e e T T e e e e e e .# " . I Wyt ' » - ' - ' n - . . _-.‘ul ._..@
-.I"l.....-. .ll. .l.i. .iq-.l. L -_n__ [ L} .-1.-. A LI I | ..-_-.-.--._ .T.ql. r.l_l.._.,.l_-.-_..__...q....__.l.l.?__.-.-.l“.h.-i.-r i.l.-.._-_.“.ﬁ._l.n r._-.I..“.-.....-..”.t._.-. - -_...l....li..-. l...-..-i..........-?...l.-._.. - .-_l.-_.r_l..-.-.._.l...._n.r-_.....ll._. .I...-_.-I.__-....l...._ .-.-. l.-_..._ T T L T, N e - .ﬂ.F.._ - - - ' * soR " .-..._ [
L e & oa - a - o ST ey et e e s v s R | Ut el 1....---1.|.- ‘a L S h . ot .__l.....-_ rl.-.l..-.l.l.rl.._-_.l,_- » .-....-..l.-?l...—ll..-l.-.-_....l..-..l...-....l....l_._.r...ﬂ.-l........_ o ata A P * L A )
f--.a. L N a P L o T R R in_.-_.-. - o oy Fak ......n—.- . FUPFR + -..... S 1..-_..-. e a A T, g, W b L P T...q.a. . Al S -.l_?l.h_i.llrl.-.-.t:- ' I.‘. L T

L LIS T LR O T A b tr ....-.-.."_. 1-| ..__.1_-... B -k -—.H R BT Vel T e LI Lty |1-....._._....1 i Al et s Wt A W om o
[ .._....il._..- -\I...nq..._-. " .qr..—..r..- B T VL L B .'. P T N L n.....___l LILAE DA L R P I I R Faal L LA R ] : L e
. " R - . . P R | . m R g = - Ba. . =1 oa o [ ] ' A4 4 vk mpd oa w i - a 1 . LI I | [ . I
" .-..-.... _-.‘._-..-..rr_-_-.-.-.-__ e e .. SRR . ..-1 ..1..." . ”1.__ . ._r el el ..-.. . ”.uqvn.“. RN .1.1...- .”. o |” __.“1 LI IR NC A TR .h“......'.q”.__ £ ”1. “1 v -_“ .' e 1.“...._ T R R - |”. ” - ...-.‘.! .._h-.... ! .
v - Pt Y 3 - - - T ...-....-.1.-..- - s P T P L B e T T T _.._-....._1..11.-.._.. . LI .0 . [y L r o
. ] ot LA Y - & .l.-i.- i r—. PRy e woalF . oyl - L, L L LI rop - ek 0. ’ ._1 rR- k- L ‘.i ! '
il e 1 - iy .-_....I.rl......_..i-.ll....l_._. T e N R M B Tk L P ) s r Pk R :
5 ! ¥ . S R Ao L A L TN P L e L B I - .
(s L A L . o . S [ " .r_r. ._.1-..__. L) L..r T .___._....... W' PO Wt ..ﬂ.._
" .o - " .v . - 0 . . =l a "
-_l.i_... .-_.t_-..lm ) LI L "y

L)

& E T s [}
o L ) __.-r.-
-, ..I-. .Il..tt‘ o F"._I . w1

[ ] 4 - “. o ' _-.ﬂ
. - .
LI
1.
'
'

L]
- [] [
L o F ol o Twarm
.l.-!. ...-‘i.ﬁlth.ll l-..r-l.-l -._.. l. . ' .__I...._ J_-.__..#n-
- L T
- Lt f.l_._l " - ' .._._I -_-.1.. __. . .._.lw”_...w..._. L .”...1 - .__...-_.-_ ._._....“-..___
- Y o - ._..-...t.-_r.__....'ﬂ...._._.. ’
A o it g e b
p ¥, iy w e ....-“....._ .
ot WU ' o .__.._.lr.....___.!-r___..-._ ....4"1
" -... " I -7 .......-_.......-..r...:.-_ 't
o " Kt ' .......-.....lﬁ..t..._._-'.”l".a.._t-
. T e ....4-_-..._.1___.._'._-.._._-_....__._-.-1.-_
: ”r e
. . i L L N )
H _..l.. - H. o H.-." -_Ht.ua.ﬂ...“- “_-”___..__. "
4 ' e b _-.u ;
- .l1. .h 4!t4}!-!|...n!ti.f”
” T - ' ] H#H?”_._"._W...“.__”.....r a .
imi_ or y h A l.l.....'i?i‘l.ir 'J.”%ﬁ
' [
“..._-.-_ ...H.-. . ﬁ_-_-_ . . .. .._.“._"...H-”u_”..."‘.”...-._..“.._
e oo ' i SR
l.i.-.'... I ah i .l . L .-..rl .....-_...._.-_.1
wraw S . LR . E e W W
”._..:_ ._...._”_.. T u ._...-ﬁ. i R 1 A sy e “a ! ......_-.v".__”vuwu.___-"t“
Sl Lo e ". ‘--.-. ._.-.. -1........4 r .-#........ i#.*tt!.l....-..!&i.-
% S e
- ] . iy
o) N S u.-.....u-..-.u.*- ....... f. AR
o A . A
PN -l - .
O ) . . | "
; e ‘ LN 1 2 _ wop
b P ' " x - “.__
-. N . a .1-_. » I.._.._..-t .4._._.-. * s
! . S oA A .4....._“.4:4 o -
‘ | | [} F | E & o L. L]
I e X o L G, X XM -
k T ¢k l:......-..._.._..... * Trrca e T e e T T e e .
b PR ﬁ_ ‘Jwt“.-... et N T X T I I N T . A
» .-_..J._-.“..r.-.__. - ' I.r..._- .r......-_ I.-........t“ ' atat ...“ e '..”.._..w...'.....'..-.-..- RO n.'....r....-.-_
. S LA b E A T T T e
- o 1 ..J.rl.-l.l.W*l.l.l .-.l.% L - el e ...L.-..ri —_-..__u a 1
- . T - . S b )
l ll_-.-.-i. .l_ h.-. -.._... B - . . . - - . W .-i!l .l.._I..l..l.-...!. -_. “:.ll.” “.-.“.I-..-.H..- . .ﬂ H.l L4 -.-l.._.__. L] -..r.__.._..r___l .r.nJ...... .r_.i - ..v.._._..._.._.il._.. l._..__....r.__h.._.. »al
-.. L] L Lol ) L] - - L T - - - - - l.‘
L = e e g g e g el g e e, B .i.,.-_..._..-_...__.._..._...;.-_..._......-_..i...;.-_..._......-_..t........_..._......-_.-._.m.......-_.l.”.-_.l.-n. .-_..._.;v_w..4 .u..n.i.....n"hu.q p .._..”.H * o | e S H 2 'v._ n.__..._. g Vo ﬂ
" " A .l.h”..-_.-ﬂ.l-...l.... R .._ml TR o T, . . & .
“a L . x i
A . o s
i ...m : ¥ :
. - L]
F .. f A e :.H. R, “A A K R
F ¥ ) ._ ..._.n _____..| .__..-_-..r.._.—.__u_.__..._.___-_ A
4 ”._ I ._-..._'Il.. i._"-. ..m.- &, ...__.H .._ H.-"I“._."”.ﬂt“—ﬂutuvu-_
.—.” i #al bt L o .-.-..._.il..-
Ry SOl e
y .. . . .m..__. . ....._!r...tn...“_.....- P
e B CE R J o e
. - . . A ...._..-w......!.__r.__.--r.au-.”..
SO W, 2o
) U e Pt R
- . _... “JT ........_r-_ A ..m.__. L w..._..___.._.__.__
.. T ., . " L > .-.Ii.........r.- l._-.-..-_...._-....ﬁ
-l + ..-.-.... L
ﬂ1 L oA - ' -_.___.4-._"-_“ -”.____._._..W
* .__"_s.-n-..._ - L N L
s g g
".._-_ . ..hl.-\ . _.hp H...___"”.-"-"._.”___"#“ u._
Snio et D A
! A A g ...4_-”...__.-_. wlnlerane
s R - JF N
} H -_h- ..-.-..-. ) H....".-.”.._.“. o l”-_"-..”"h."-_
e M e P PR My ..l._...l.,-..l.”-..lwl....l.__.l.....lrl.”lu
I_l..l_...l..!l_
.!...-....T..-_. "



U.S. Patent Dec. 12, 2023 Sheet 10 of 40 US 11,844,215 B2

FIG. 12

PREPARE PLURALITY OF STRUCTURES, EACH INCLUDING STRING THAT INCLUDES PLURALITY OF 905
ELECTRODE LAYERS, PLURALITY OF INTERLAYER DIELECTRICS, AND CHANNEL LAYER

FORM AT LEAST THREE PLUG HOLES BY ETCHING AT LEAST PORTIONS OF BASE LAYER OF SUBSTRATE 1210

DEPOSIT METAL PLUG IN EACH OF AT LEAST THREE PLUG HOLES 1215

FORM LOWER WIRING LAYER TO BE CONNECTED TO ONE OF AT LEAST THREE METAL PLUGS 1220

STACK ONE OF PLURALITY OF STRUCTURES ON LOWER WIRING LAYER 1225

FORM CONNECTION PLUGS TO EXTEND IN ONE DIRECTION TO BE CONNECTED TO REMAINING METAL PLUGS | 1230

FORM AT LEAST ONE INTERMEDIATE WIRING LAYER TO BE CONNECTED TO ONE OF CONNECTION PLUGS 1235
STACK REMAINING ONE STRUCTURE ON AT LEAST ONE INTERMEDIATE WIRING LAYER 1240

FORM CONNECTION PLUG TO EXTEND IN ONE DIRECTION TO BE CONNECTED
T0 METAL PLUG OTHER THAN METAL PLUG CONNECTED TO AT LEAST 1245
ONE INTERMEDIATE WIRING LAYER FROM AMONG REMAINING METAL PLUGS

FORM UPPER WIRING LAYER TO BE CONNECTED TO CONNECTION PLUG 1250

T
- '
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FilG. 33

FORM LOWER CHANNEL LAYER 53310

FORM WIRING CONNECTOR ON PORTION OF TOP REGION OF LOWER CHANNEL LAYER 53320

FORM INSULATING LAYER TO COVER WIRING CONNECTOR 53330

ETCH PORTION OF INSULATING LAYER, WHICH CORRESPONDS TO REMAINING PORTION

OF TOP REGION OF LOWER CHANNEL LAYER EXCEPT FOR PORTION THEREOF WHERE 33340
WIRING CONNECTOR IS FORMED, AND PORTION OF INSULATING LAYER,

WHICH CORRESPONDS TO PORTION OF TOP REGION OF WIRING CONNECTOR

FORM INTERMEDIATE WIRING LAYER IN SPACE OBTAINED
BY ETCHING PORTION OF INSULATING LAYER, WHICH CORRESPONDS 53350

TO PORTION OF TOP REGION OF WIRING CONNECTOR

FORM CHANNEL CONNECTOR IN SPACE OBTAINED BY ETCHING PORTION OF
INSULATING LAYER, WHICH CORRESPONDS TO REMAINING PORTION OF TOP REGION

OF LOWER CHANNEL LAYER EXCEPT FOR PORTION THEREOF
WHERE WIRING CONNECTOR IS FORMED

53360

FORM UPPER CHANNEL LAYER ON CHANNEL CONNECTOR 53370

END
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THREE-DIMENSIONAL FLASH MEMORY
DEVICE SUPPORTING BULK ERASE
OPERATION AND MANUFACTURING

METHOD THEREFOR

CROSS REFERENCE TO RELATED
APPLICATIONS

This 1s the U.S. national phase application based on
PCT/KR2019/006362, filed May 28, 2019, which 1s based

on Korean Patent Application No. 10-2018-0060897, filed
May 29, 2018, and Korean Patent Application No. 10-2018-
0082128, filed Jul. 16, 2018, the entire contents of all of

which are hereby incorporated by reference.

TECHNICAL FIELD

The present disclosure relates to a three-dimensional flash
memory device and a method of manufacturing the three-
dimensional flash memory device, and more particularly, to
a three-dimensional flash memory device that has a structure
supporting a bulk erase operation.

BACKGROUND ART

Flash memory devices are electrically erasable program-
mable read only memory (EEPROM), and thus may be
commonly used for, for example, computers, digital cam-
eras, MP3 players, game systems, memory sticks, and the
like. Such flash memory devices electrically control the
input and output of data by Fowler-Nordheim tunneling
(F-N tunneling) or hot electron 1njection.

Specifically, referring to FIG. 1 illustrating an array of
existing three-dimensional flash memory, the array of the
existing three-dimensional flash memory may include a
common source line CSL, a bit line BL, and a plurality of
cell strings CSTR between the common source line CSL and
the bit line BL.

Bit lines are two-dimensionally arranged, and the plural-
ity of cell strings CSTR are connected in parallel to each of
the bit lines. The cell strings CSTR may be commonly
connected to the common source line CSL. That 1s, the
plurality of cell strings CSTR may be arranged between a
plurality of bit lines and one common source line CSL. A
plurality of common source lines CSL may be provided and
may be two-dimensionally arranged. An electrically equal
voltage may be applied to the plurality of common source
lines CSL, or each of the plurality of common source lines
CSL may be electrically controlled.

Each of the cell strings CSTR may include a ground select
transistor GST connected to the common source line CSL, a
string select transistor SST connected to a bit line BL, and
a plurality of memory cell transistors MCT between the
ground select transistor GST and the string select transistor
SST. In addition, the ground select transistor GST, the string
select transistor SST, and the memory cell transistors MCT
may be connected 1n series.

The common source line CSL may be commonly con-
nected to sources of the ground select transistors GST. In
addition, the ground select line GSL, a plurality of word
lines WLO to WL3, and a plurality of string select lines SSL,
which are arranged between the common source line CSL
and the bit line BL, may be used as electrode layers of the
ground select transistor GST, the memory cell transistors
MCT, and the string select transistors SST, respectively.
Further, each of the memory cell transistors MC'T includes
a memory element.

10

15

20

25

30

35

40

45

50

55

60

65

2

Regarding the existing three-dimensional flash memory,
to achieve excellent performance and low price required by
consumers, the degree of integration has been increased by
vertically stacking cells.

For example, referring to FIG. 2 illustrating a structure of
existing three-dimensional flash memory, an electrode struc-
ture 2135, 1n which imterlayer dielectrics 211 and horizontal
structures 250 are alternately and repeatedly formed, 1s
arranged on a substrate 200 to manufacture the existing
three-dimensional flash memory. The interlayer dielectrics
211 and the horizontal structures 250 may extend 1n a {first
direction. Each of the interlayer dielectrics 211 may include,
for example, a silicon oxide film, and a lowermost interlayer
dielectric 211a from among the interlayer dielectrics 211
may have a thickness less than that of the other interlayer
dielectrics 211. Each of the horizontal structures 250 may
include first and second blocking insulating films 242 and
243 and an clectrode layer 245. A plurality of electrode
structures 215 may be provided and may be arranged 1n a
second direction to face each other, the second direction
intersecting the first direction. The first and second direc-
tions may correspond to an x-axis and a y-axis, respectively,
in FIG. 2. Trenches 240 may extend in the first direction
between the plurality of electrode structures 213 to separate
the plurality of electrode structures 215 from each other.
Heavily doped impurity regions may be formed in the
substrate 200 exposed by the trenches 240, thereby arrang-
ing the common source line CSL. Although not shown,
1solation insulating films may be further arranged to fill the
trenches 240.

Vertical structures 230 may be arranged through the
clectrode structure 215. In an example, 1n a plan view, the
vertical structures 230 may be aligned 1n the first and second
directions and thus arranged 1in a matrix form. In another
example, the vertical structures 230 may be aligned in the
second direction and arranged 1n zigzag in the first direction.
Each of the vertical structures 230 may include a protective
film 224, a charge storage film 225, a tunnel mnsulating film
226, and a channel layer 227. For example, the channel layer
227 may have a tubular shape having an empty inside, and
in this case, a filling film 228 may be further arranged to fill
the 1inside of the channel layer 227. A drain region D may be
located on the channel layer 227, and a conductive pattern
229 may be formed on the drain region D and connected to
the bit line BL. The bit line BLL may extend 1n a direction
intersecting the horizontal structures 250, for example, the
second direction. In an example, the vertical structures 230
aligned in the second direction may be connected to one bit
line BL.

The first and second blocking insulating films 242 and
243 1n the horizontal structures 250, and the charge storage
film 225 and the tunnel insulating film 226 in the vertical
structures 230 may define an oxide-nitride-oxide (ONO)
layer, which 1s an information storage element of the three-
dimensional flash memory. That 1s, portions of the informa-
tion storage element may be included 1n the vertical struc-
tures 230, and the other portions thereof may be included 1n
the horizontal structures 250. As an example, of the infor-
mation storage element, the charge storage film 225 and the
tunnel insulating film 226 may be included in the vertical
structures 230, and the first and second blocking 1nsulating
films 242 and 243 may be included 1n the horizontal struc-
tures 250.

Epitaxial patterns 222 may be arranged between the
substrate 200 and the vertical structures 230. The epitaxial
patterns 222 connect the substrate 200 to the vertical struc-
tures 230. The epitaxial patterns 222 may contact at least one
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horizontal structure 250. That 1s, the epitaxial patterns 222
may be arranged to contact a lowermost horizontal structure

250a. According to another embodiment, the epitaxial pat-
terns 222 may be arranged to contact a plurality of horizontal
structures 250, for example, two horizontal structures 250.
When the epitaxial patterns 222 are arranged to contact the
lowermost horizontal structure 250q, the lowermost hori-
zontal structure 250aq may have a thickness greater than that
ol the other horizontal structures 250. The lowermost hori-
zontal structure 250a contacting the epitaxial patterns 222
may correspond to the ground select line GSL of the array
of the three-dimensional flash memory described with ret-
erence to FIG. 1, and the other horizontal structures 250
contacting the vertical structures 230 may correspond to the
plurality of word lines WLO to WL3.

Each of the epitaxial patterns 222 has a recessed sidewall
222a. Accordingly, the lowermost horizontal structure 250a
contacting the epitaxial patterns 222 is placed along a profile
of the recessed sidewall 2224. That 1s, the lowermost hori-
zontal structure 250aq may be placed 1n an inwardly convex
shape along the recessed sidewall 222a of the epitaxial
patterns 222.

In the existing three-dimensional flash memory having
such a structure, as the number of layers vertically stacked
increases, the length of the channel layer 227 increases,
which causes a reduction 1n a cell current and deterioration
of cell characteristics.

To increase the cell current that decreases with the
increase of the length of a channel layer in the three-
dimensional flash memory and to reduce the deterioration of
the cell characteristics due to the reduction 1n the cell
current, a structure 1n which at least one intermediate wiring
layer 1s arranged 1n an intermediate region of a string has
been proposed.

However, in a three-dimensional flash memory device
having a structure 1n which at least one intermediate wiring,
layer 1s arranged, because a channel layer in a string 1is
divided into an upper channel layer and a lower channel
layer due to the at least one intermediate wiring layer, 1t 1s
difficult to apply an erase operation based on a bulk of the
substrate 200.

Therefore, the following embodiments of the present
disclosure propose a technique for supporting a bulk erase
operation 1n a three-dimensional flash memory device,
which includes at least one itermediate wiring layer to
increase a cell current that decreases with the increase of the
length of the channel layer and to reduce the deterioration 1n
the cell characteristics due to the reduction in the cell
current.

In addition, when the mtermediate wiring layer 1s imple-
mented merely 1in the same shape as an existing bit line,
because a degree of complexity of a wiring process 1ncreases
and a degree of integration decreases, the following embodi-
ments of the present disclosure propose a structure including
an intermediate wiring layer fabricated by a simple wiring
process while allowing improvement of the degree of inte-
gration.

DESCRIPTION OF EMBODIMENTS

Technical Problem

Embodiments of the present disclosure provide: a three-
dimensional flash memory device, which has a structure
including at least one intermediate wiring layer capable of
being reconfigured to be adaptively used as one of a source
clectrode and a drain electrode, and which supports a bulk
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erase operation based on a bulk of a substrate by forming, 1n
the at least one intermediate wiring layer, at least one

connector that connects at least two channel layers divided
by the at least one intermediate wiring layer to each other;
and a method of manufacturing the three-dimensional flash
memory device.

In addition, embodiments of the present disclosure pro-
vide: a three-dimensional flash memory device, which
includes a channel connector connecting an upper channel
layer to a lower channel layer and a wiring connector
connecting the channel connector to an intermediate wiring
layer, thereby allowing a degree of integration of a structure
including the intermediate wiring layer to be improved and
a wiring process to be simplified; and a method of manu-
facturing the three-dimensional flash memory device.

Further, embodiments of the present disclosure provide: a
three-dimensional flash memory device, which allows inte-
gration and size-reduction to be achieved by forming an
upper wiring layer, at least one intermediate wiring layer,
and a lower wiring layer 1n an inversely stepwise shape to
different extension lengths from each other and thus respec-
tively connecting thereto plugs formed on the same line on
a single substrate; and a method of manufacturing the
three-dimensional tlash memory device.

Technical Solution to Problem

According to an aspect of the present disclosure, a three-
dimensional flash memory device includes: a string that
includes a channel layer extending in one direction and a
plurality of electrode layers stacked vertically with respect
to the channel layer; an upper wiring layer arranged on the
string; at least one intermediate wiring layer arranged
between the plurality of electrode layers through the channel
layer 1n an intermediate region of the string; a lower wiring
layer arranged under the string; and at least one connector
arranged 1n the at least one intermediate wiring layer and
connecting at least two channel layers to each other, the at
least two channel layers being divided by the at least one
intermediate wiring layer.

According to an embodiment of the present disclosure,
the at least one connector may include an N- layer and an
N+ layer that surrounds the N- layer and contacts the at least
one intermediate wiring layer.

According to another embodiment of the present disclo-
sure, the at least one connector may include an N- layer
surrounded by and contacting the at least one intermediate
wiring layer.

According to yet another embodiment of the present
disclosure, the at least one connector may include an N+
layer surrounded by and contacting the at least one inter-
mediate wiring layer.

According to yet another embodiment of the present
disclosure, the 3-dimensional flash memory device may be
manufactured on a substrate including a P type bulk and an
N+ contact and may support a bulk erase operation as the at
least two channels connected to each other by the at least one
connector are connected to the bulk.

According to yet another embodiment of the present
disclosure, the at least one connector may include: an N+
layer deposited under the at least one intermediate wiring
layer; and an N- layer arranged on the N+ layer and
surrounded by and contacting the at least one intermediate
wiring layer.

According to yet another embodiment of the present
disclosure, the at least one connector may include: an N+
layer deposited under the at least one intermediate wiring
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layer; and an N- layer surrounded by and contacting both
the N+ layer and the at least one mtermediate wiring layer.

According to yet another embodiment of the present
disclosure, the upper wiring layer, the at least one interme-
diate wiring layer, and the lower wiring layer may form an
iversely stepwise shape with extension lengths thereof
being different from each other.

According to yet another embodiment of the present
disclosure, the respective extension lengths of the upper
wiring layer, the at least one intermediate wiring layer, and
the lower wiring layer may decrease 1n the stated order.

According to yet another embodiment of the present
disclosure, due to the inversely stepwise shape formed by
the upper wiring layer, the at least one imntermediate wiring,
layer, and the lower wiring layer, the upper wiring layer, the
at least one intermediate wiring layer, and the lower wiring
layer may be respectively connected to plugs on the same
line on a single substrate.

According to yet another embodiment of the present
disclosure, each of the upper wiring layer, the at least one
intermediate wiring layer, and the lower wiring layer may be
adaptively used as one of a drain electrode and a source
clectrode.

According to another aspect of the present disclosure, a
method of manufacturing a three-dimensional flash memory
device includes: preparing a plurality of structures, each
including a string that includes a plurality of electrode
layers, a plurality of interlayer dielectrics, and a channel
layer, the plurality of electrode layers and the plurality of
interlayer dielectrics being alternately stacked, and the chan-
nel layer extending in one direction through the plurality of
clectrode layers and the plurality of iterlayer dielectrics;
forming at least three plug holes by etching at least portions
of a base layer of a substrate; depositing a metal plug in each
of the at least three plug holes; forming a lower wiring layer
to be connected to one of the at least three metal plugs;
stacking one of the plurality of structures on the lower
wiring layer; forming connection plugs in the one structure
to extend 1n the one direction, the connection plugs being
respectively connected to remaining metal plugs except for
the one of the at least three metal plugs; forming at least one
intermediate wiring layer to be connected to one of the
connection plugs; stacking a remaining one of the plurality
ol structures except for the one structure on the at least one
intermediate wiring layer; forming a connection plug in the
remaining one structure to extend in the one direction, the
connection plug being connected to a metal plug other than
the metal plug connected to the at least one intermediate
wiring layer from among the remaining metal plugs; and
forming an upper wiring layer to be connected to one of the
connection plugs, wherein the upper wiring layer, the at least
one intermediate wiring layer, and the upper wiring layer
form an inversely stepwise shape with extension lengths
thereot being different from each other.

According to an embodiment of the present disclosure,
the respective extension lengths of the upper wiring layer,
the at least one intermediate wiring layer, and the lower
wiring layer may decrease in the stated order.

According to another embodiment of the present disclo-
sure, due to the mnversely stepwise shape formed by the
upper wiring layer, the at least one intermediate wiring layer,
and the lower wiring layer, the upper wiring layer, the at
least one intermediate wiring layer, and the lower wiring
layer may be respectively connected to the metal plugs
formed on the same line on the substrate.

According to yet another embodiment of the present
disclosure, the forming of the at least one intermediate
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wiring layer may include forming at least one connector in
the at least one intermediate wiring layer, the at least one
connector connecting a channel layer, which 1s included 1n
the one structure under the at least one intermediate wiring
layer, to a channel layer, which 1s included 1n the remaining
one structure on the at least one intermediate wiring layer.

According to yet another aspect of the present disclosure,
a three-dimensional flash memory includes: a string includ-
ing a channel layer that extends 1n one direction; a channel
connector arranged 1n an intermediate region of the string
and connecting an upper channel layer and a lower channel
layer of the string to each other; an intermediate wiring layer
selectively usable as one of a source electrode and a drain
clectrode for the string; and a wiring connector connecting
the channel connector to the intermediate wiring layer while
being at least partially buried in the string.

According to an embodiment of the present disclosure,
the wiring connector may include an N+ type material, and
the channel connector may 1nclude one of a metal material
and an N- type material.

According to another embodiment of the present disclo-
sure, the 3-dimensional flash memory may be manufactured
on a substrate including a P type bulk and an N+ contact and
may support a bulk erase operation as the upper channel
layer and the lower channel layer of the string are connected
to the bulk by the channel connector.

According to yet another embodiment of the present
disclosure, the intermediate wiring layer may be located 1n
a space between the string and a neighbor string adjacent to
the string.

According to yet another embodiment of the present
disclosure, the intermediate wiring layer may be shared by
the string and the neighbor string adjacent to the string.

According to yet another aspect of the present disclosure,
a method of manufacturing a three-dimensional flash
memory includes: forming a lower channel layer; forming a
wiring connector on a portion of a top region of the lower
channel layer; forming an insulating layer to cover the
wiring connector; etching a portion of the insulating layer,
which corresponds to a remaiming portion of the top region
of the lower channel layer except for the portion thereof
where the wiring connector 1s formed, and a portion of the
isulating layer, which corresponds to a portion of a top
region of the wiring connector; forming an intermediate
wiring layer 1n a space obtained by etching the portion of the
insulating layer, which corresponds to the portion of the top
region of the wiring connector; forming a channel connector
in a space obtained by etching the portion of the insulating
layer, which corresponds to the remaining portion of the top
region of the lower channel layer except for the portion
thereof where the wiring connector 1s formed; and forming,
an upper channel layer on the channel connector, wherein
the intermediate wiring layer 1s capable of being selectively
used as one of a source electrode and a drain electrode for
a string including the upper channel layer and the lower
channel layer.

According to an embodiment of the present disclosure,
the forming of the wiring connector may include forming the
wiring connector 1 a space between the string and a
neighbor string adjacent to the string.

According to another embodiment of the present disclo-
sure, the mtermediate wiring layer may be shared by the
string and the neighbor string adjacent to the string.

Advantageous Eflects of Disclosure

According to embodiments of the present disclosure, a
three-dimensional tlash memory device, which has a struc-
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ture including at least one intermediate wiring layer capable
of being reconfigured to be adaptively used as one of a

source electrode and a drain electrode, and which allows a
bulk erase operation based on a bulk of a substrate to be
supported by forming, in the at least one intermediate wiring
layer, at least one connector that connects at least two
channel layers divided by the at least one intermediate
wiring layer to each other, and a method of manufacturing
the three-dimensional flash memory device may be pro-
vided.

In addition, according to embodiments of the present
disclosure, a three-dimensional flash memory device, which
includes a channel connector connecting an upper channel
layer to a lower channel layer and a wiring connector
connecting the channel connector to an intermediate wiring
layer, thereby allowing a degree of integration of a structure
including the mtermediate wiring layer to be improved and
a wiring process to be simplified, and a method of manu-
tacturing the three-dimensional flash memory device may be
provided.

Accordingly, according to embodiments of the present
disclosure, a bulk erase operation may be supported simul-
taneously with solving drawbacks of existing three-dimen-
sional tlash memory devices, such as a reduction in cell
current and a deterioration in cell characteristics, and an
improvement in the degree of integration and the simplifi-
cation of the wiring process may be achieved.

Further, according to embodiments of the present disclo-
sure, a three-dimensional flash memory device, which
allows integration and size-reduction to be achieved by
forming an upper wiring layer, at least one intermediate
wiring layer, and a lower wiring layer in an inversely
stepwise shape to different extension lengths from each
other and thus respectively thereto plugs formed on the same
line on a single substrate, and a method of manufacturing the
three-dimensional tlash memory device may be provided.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a schematic circuit diagram illustrating an array
ol existing three-dimensional tlash memory.

FIG. 2 1s a perspective view 1llustrating a structure of
existing three-dimensional flash memory.

FIG. 3 1s a cross-sectional view illustrating a three-
dimensional flash memory device supporting a bulk erase
operation, according to an embodiment of the present dis-
closure.

FIG. 4 1llustrates a bottom view of a region 380 of the
three-dimensional flash memory device of FIG. 3, which
supports a bulk erase operation.

FI1G. 5 illustrates a cross-sectional view of a region 381 of
the three-dimensional tlash memory device of FIG. 3, which
supports a bulk erase operation.

FIG. 6 1s a cross-sectional view illustrating a three-
dimensional flash memory device supporting a bulk erase
operation, according to another embodiment of the present
disclosure.

FIG. 7 illustrates a cross-sectional view of a region 630 of
the three-dimensional flash memory device of FIG. 6, which
supports a bulk erase operation.

FIG. 8 1s a cross-sectional view illustrating a three-
dimensional flash memory device supporting a bulk erase
operation, according to yet another embodiment of the
present disclosure.

FI1G. 9 illustrates a cross-sectional view of a region 830 of
the three-dimensional tlash memory device of FIG. 8, which
supports a bulk erase operation.
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FIGS. 10A and 10B are diagrams each illustrating a
pattern in which at least one intermediate wiring layer 1s

formed, 1n a three-dimensional flash memory device sup-
porting a bulk erase operation, according to an embodiment
of the present disclosure.

FIGS. 11A to 11E are cross-sectional views illustrating
three-dimensional flash memory devices supporting a GIDL
erase operation, according to an embodiment of the present
disclosure.

FIG. 12 1s a flowchart illustrating a method of manufac-
turing a three-dimensional flash memory device, according
to an embodiment of the present disclosure.

FIGS. 13 to 22 are diagrams 1illustrating a method of
manufacturing a three-dimensional flash memory device,
according to an embodiment of the present disclosure.

FIGS. 23 to 27 are diagrams illustrating detailed pro-
cesses of a process of forming at least one connector 1n a
method of manufacturing a three-dimensional flash memory
device, according to an embodiment of the present disclo-
sure.

FIG. 28 1s a top view 1illustrating a three-dimensional flash
memory, according to an embodiment of the present disclo-
sure.

FIG. 29 15 a cross-sectional view of the three-dimensional
flash memory of FIG. 28, taken along an X-axis.

FIG. 30 1s a cross-sectional view of the three-dimensional
flash memory of FIG. 28, taken along a Y-axis.

FIG. 31 1s a cross-sectional view of the three-dimensional
flash memory of FIG. 28, according to another embodiment
of the present disclosure.

FIG. 32 1s a cross-sectional view of the three-dimensional
flash memory of FIG. 28, according to yet another embodi-
ment of the present disclosure.

FIG. 33 1s a flowchart 1llustrating a method of manufac-
turing a three-dimensional flash memory, according to an
embodiment of the present disclosure.

FIGS. 34 to 39 are cross-sectional views illustrating a
method of manufacturing a three-dimensional flash memory,
according to an embodiment of the present disclosure.

FIGS. 40 to 45 are diagrams 1llustrating a method of
manufacturing a three-dimensional flash memory, according
to another embodiment of the present disclosure.

FIGS. 46 to 33 are diagrams illustrating a method of
manufacturing a three-dimensional flash memory, according
to yet another embodiment of the present disclosure.

FIG. 54 1s a top view 1illustrating a three-dimensional flash
memory, according to another embodiment of the present
disclosure.

FIG. 35 15 a cross-sectional view of the three-dimensional
flash memory of FIG. 54, taken along an X-axis.

FIG. 56 1s a cross-sectional view of the three-dimensional
flash memory of FIG. 54, according to another embodiment
of the present disclosure.

FIG. 57 1s a cross-sectional view of the three-dimensional
flash memory of FIG. 54, according to yet another embodi-
ment of the present disclosure.

BEST MODE

Herematter, embodiments of the present disclosure waill
be described in detail with reference to the accompanying
drawings. However, the present disclosure 1s not limited to
the embodiments described herein. In addition, like compo-
nents will be denoted by like reference numerals throughout
the specification.

Further, terms used herein are only for the purpose of
properly describing embodiments of the present disclosure
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and may vary according to users, intentions ol operators,
custom 1n the art, or the like. Therefore, the terms used
herein should be defined based on descriptions made
throughout the specification.

FIG. 3 1s a cross-sectional view illustrating a three-
dimensional flash memory device supporting a bulk erase
operation, according to an embodiment of the present dis-
closure, FIG. 4 1llustrates a bottom view of a region 380 of
the three-dimensional tlash memory device of FIG. 3, which
supports a bulk erase operation, and FIG. § illustrates a
cross-sectional view of a region 381 of the three-dimen-
sional tlash memory device of FIG. 3, which supports a bulk
erase operation.

Referring to FIG. 3, a three-dimensional flash memory
device 300 supporting a bulk erase operation, according to
an embodiment of the present disclosure, includes a string
330, which includes a channel layer 310 and a plurality of
clectrode layers 320 stacked vertically with respect to the
channel layer 310, an upper wiring layer 340, at least one
intermediate wiring layer 350, a lower wiring layer 360, and
at least one connector 370.

Hereinafter, although the three-dimensional flash memory
device 300 supporting a bulk erase operation 1s described as
including the above-described components, the present dis-
closure 1s not limited thereto, and the three-dimensional
flash memory device 300 may further include a charge
storage layer (not shown), which connects the channel layer
310 to the plurality of electrode layers 320, and a plurality
ol interlayer dielectrics (not shown), which are arranged
alternately with the plurality of electrode layers 320 and
stacked vertically with respect to the channel layer 310. That
1s, the three-dimensional flash memory device 300 may have
a structure further including the existing components
described with reference to FIG. 2.

The channel layer 310 extends 1n one direction. For
example, the channel layer 310 may extend in the z-axis
direction described with reference to FIG. 2. The channel
layer 310 may have a tubular shape having an empty 1nside,
and 1n this case, a filling film 311 may be further arranged
to 11ll the 1nside of the channel layer 310, and a sidewall 312
may be further arranged to surround an outside of the
channel layer 310.

The plurality of electrode layers 320 are stacked vertically
with respect to the channel layer 310. The plurality of
clectrode layers 320 may extend in the x-axis direction
described with reference to FIG. 2.

Here, the plurality of electrode layers 320 may be grouped
into at least two blocks 321 and 322 divided by the at least
one intermediate wiring layer 350. For example, a first
clectrode layer 321-1, a second electrode layer 321-2, and a
third electrode layer 321-3 may be grouped 1nto a first block
321, and a fourth electrode layer 322-1, a fifth electrode
layer 322-2, and a sixth electrode layer 322-3 may be
grouped 1nto a second block 322.

The upper wiring layer 340 1s arranged on the string 330
(more specifically, the channel layer 310). Here, the upper
wiring layer 340 may extend 1n a direction perpendicular to
an extension direction of the plurality of electrode layers 320
(in a direction perpendicular to the extension direction of the
plurality of electrode layers 320 in a plan view). That 1s, the
upper wiring layer 340 may extend in the y-axis direction
described with reference to FIG. 2.

The at least one mtermediate wiring layer 350 1s arranged
between the plurality of electrode layers 320 through the
channel layer 310 in an intermediate region of the string 330.
Here, the at least one intermediate wiring layer 350 may
extend 1n the direction perpendicular to the extension direc-
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tion of the plurality of electrode layers 320 (in the direction
perpendicular to the extension direction of the plurality of
clectrode layers 320 1n a plan view). For example, the at
least one intermediate wiring layer 350 may extend 1n the
direction (the y-axis direction described with reference to
FIG. 2) perpendicular to the extension direction (the x-axis
direction described with reference to FI1G. 2) of the plurality
of electrode layers 320 in a plan view. A pattern in which the
at least one intermediate wiring layer 350 1s formed will be
described in detail with reference to FIGS. 10A and 10B.

The lower wiring layer 360 1s arranged under the string
330 (more specifically, the channel layer 310). Here, the
lower wiring layer 360 may extend in the direction perpen-
dicular to the extension direction of the plurality of electrode
layers 320 (in the direction perpendicular to the extension
direction of the plurality of electrode layers 320 1n a plan
view). That 1s, the lower wiring layer 360 may extend 1n the
y-axis direction described with reference to FIG. 2.

Each of the upper wiring layer 340, the at least one
intermediate wiring layer 350, and the lower wiring layer
360, which have such structures, may be adaptively used as
one of a drain electrode and a source electrode 1n the
three-dimensional flash memory device 300. Here, use as a
drain electrode may mean use as the bit line BLL shown 1n
FIG. 1, and the statement that a wiring layer (for example,
340, 350, or 360) 1s used as a drain electrode (or a source
clectrode) may mean that the wiring layer 340, 350, or 360
itseltf 1s used as a drain electrode (or a source electrode) as
well as mean that an electrode layer directly connected to the
wiring layer 340, 350, or 360 1s used as a drain electrode (or
a source electrode).

For example, when the upper wiring layer 340 1s used as
a source electrode, the at least one intermediate wiring layer
350, which 1s closest to the upper wiring layer 340 while a
memory cell to be controlled by the at least one intermediate
wiring layer 350 and the upper wiring layer 340 is therebe-
tween, may be used as a drain electrode, and when the upper
wiring layer 340 1s used as a drain electrode, the at least one
intermediate wiring layer 350, which 1s closest to the upper
wiring layer 340 while a memory cell to be controlled by the
at least one intermediate wiring layer 350 and the upper
wiring layer 340 1s therebetween, may be used as a source
clectrode. Hereinafter, the memory cell refers to a charge
storage layer, which 1s an information storage element in the
three-dimensional tflash memory device 300, and an elec-
trode layer directly contacting the charge storage layer.
Because the three-dimensional flash memory device 300
according to an embodiment of the present disclosure
includes the plurality of electrode layers 320, the three-
dimensional flash memory device 300 may include a plu-
rality of charge storage layers corresponding to the plurality
of electrode layers 320 and thus include a plurality of
memory cells including the plurality of electrode layers 320
and the plurality of charge storage layers 1n pairs.

As another example, when the at least one intermediate
wiring layer 350 1s implemented by a plurality of interme-
diate wiring layers 350 including a first intermediate wiring
layer, a second intermediate wiring layer, and a third inter-
mediate wiring layer (which are sequentially arranged 1n the
stated order 1n this example), the first intermediate wiring
layer may be used as a drain electrode, and thus, the second
intermediate wiring layer, which 1s closest to the first inter-
mediate wiring layer while a memory cell to be controlled by
the first intermediate wiring layer and the second interme-
diate wiring layer 1s therebetween, may be used as a source
clectrode. In addition, the third intermediate wiring layer
may be used as a source electrode, and thus, the second
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intermediate wiring layer, which 1s closest to the third
intermediate wiring layer while a memory cell to be con-
trolled by the third intermediate wiring layer and the second
intermediate wiring layer 1s therebetween, may be used as a
drain electrode. As such, the second intermediate wiring
layer may be used as a source electrode or a drain electrode
according to whether another intermediate wiring layer
adjacent thereto 1s used as either a drain electrode or a source
clectrode.

That 1s, each of the upper wiring layer 340, the at least one
intermediate wiring layer 350, and the lower wiring layer
360, when another wiring layer adjacent thereto and putting
a memory cell to be controlled therebetween 1s used as one
of a drain electrode and a source electrode, may be adap-
tively used as the remaining one other than the one used for
the other wiring layer. Hereinafter, use of one wiring layer
as a drain electrode or a source electrode according to
circumstances means that the corresponding wiring layer 1s
formed 1n a reconfigurable manner such that the correspond-
ing wiring layer i1s capable of being adaptively used as one
of a source electrode and a drain electrode. Thus, the upper
wiring layer 340, the at least one intermediate wiring layer
350, and the lower wiring layer 360 may be formed in a
reconfigurable manner.

Here, the upper wiring layer 340, the at least one inter-
mediate wiring layer 350, and the lower wiring layer 360
may be provided to correspond to each of the at least two
blocks 321 and 322 into which the plurality of electrode
layers 320 are grouped. For example, the upper wiring layer
340 and the at least one intermediate wiring layer 350 may
be provided to correspond to the first block 321, into which
the first electrode layer 321-1, the second electrode layer
321-2, and the third electrode layer 321-3 are grouped, and
may be used as a drain electrode or a source electrode for the
first block 321 (the first electrode layer 321-1, the second
clectrode layer 321-2, and the third electrode layer 321-3),
and the at least one intermediate wiring layer 350 and the
lower wiring layer 360 may be provided to correspond to the
second block 322, into which the fourth electrode layer
322-1, the fifth electrode layer 322-2, and the sixth electrode
layer 322-3 are grouped, and may be used as a drain
clectrode or a source electrode for the second block 322 (the
tourth electrode layer 322-1, the fitth electrode layer 322-2,
and the sixth electrode layer 322-3). Accordingly, the three-
dimensional flash memory device 300 may select and use
one of the upper wiring layer 340, the at least one interme-
diate wiring layer 350, and the lower wiring layer 360 as a
drain electrode or a source electrode, thereby selectively
programming, erasing, and reading a charge storage layer
corresponding to one of electrode layers that use the corre-
sponding wiring layer. Hereinafter, although an example, 1n
which one intermediate wiring layer 350 1s provided, 1s
described, the present disclosure 1s not limited thereto, and
a plurality of intermediate wiring layers 350, that 1s, two or
more intermediate wiring layers 350, may be provided. In
this case, likewise, each of the plurality of intermediate
wiring layers 350 may be arranged between the plurality of
clectrode layers 320.

Accordingly, the three-dimensional flash memory device
300 according to an embodiment of the present disclosure
may reduce a cell current and improve the deterioration in
cell characteristics as compared with existing three-dimen-
sional tlash memory devices including only one drain elec-
trode on a channel layer.

In addition, extension lengths of the upper wiring layer
340, the at least one mtermediate wiring layer 350, and the
lower wiring layer 360 may be different from each other. For
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example, referring to FIG. 4 illustrating a bottom view of the
region 380 (FIG. 4 illustrates only the upper wiring layer
340, the at least one intermediate wiring layer 350, and the
lower wiring layer 360 except for other components for
convenience of description), the upper wiring layer 340, the
at least one intermediate wiring layer 350, and the lower
wiring layer 360 may sequentially and respectively have
decreasing extension lengths toward a bottom of the three-
dimensional flash memory device 300. Accordingly, the
upper wiring layer 340, the at least one imtermediate wiring
layer 350, and the lower wiring layer 360 may form an
iversely stepwise shape having sequentially decreasing
step lengths, 1n a side view.

In addition, even when a plurality of intermediate wiring
layers 350 are provided, likewise, the plurality of interme-
diate wiring layers 350 may sequentially and respectively
have decreasing extension lengths toward the bottom of the
three-dimensional flash memory device 300.

Due to such an 1inversely stepwise shape, the upper wiring
layer 340, the at least one intermediate wiring layer 350, and
the lower wiring layer 360 may be respectively connected to
plugs 393, 392, and 391 formed on the same line on a single
substrate 390, and thus, the three-dimensional flash memory
device 300 may achieve integration and size-reduction and
may reduce a degree of complexity 1n a wiring process.

The upper wiring layer 340, the at least one intermediate
wiring layer 350, and the lower wiring layer 360 may each
include at least one of tungsten (W), titanium ('11), tantalum
(Ta), copper (Cu), or gold (Au). However, the present
disclosure 1s not limited thereto, and the upper wiring layer
340, the at least one intermediate wiring layer 350, and the
lower wiring layer 360 may each include a metal matenal,
a conductive nonmetal material, or a mixture of a metal
material and a nonmetal matenal.

The at least one connector 370 1s formed 1n the at least one
intermediate wiring layer 350 and may connect at least two
channel layers 313 and 314 divided by the at least one
intermediate wiring layer 350 to each other. For example,
the at least one connector 370 may connect the at least two
channel layers 313 and 314 to each other while surrounded
by the at least one mntermediate wiring layer 350. As a more
particular example, referring to FIG. 5 illustrating a cross-
sectional view of the region 381, the at least one connector
370 may include an N- layer 371 and an N+ layer 372 that
surrounds the N- layer 371 and contacts the at least one
intermediate wiring layer 350. Here, the N- layer 371 may
be formed by a process of implanting N- type 1ons into the
same material as the channel layer 310, and the N+ layer 372
may be formed by a process of implanting N+ type 10ns nto
the same material as the channel layer 310.

However, the present disclosure 1s not limited thereto, and
the at least one connector 370 may be formed 1n various
structures. This will be described 1n detail with reference to
FIGS. 7 to 9.

Accordingly, the three-dimensional tlash memory device
300, which 1s manufactured on the substrate 390 including
a P type bulk and an N+ contact, may support a bulk-based
erase operation by connecting the at least two channel layers
313 and 314 to the bulk via the at least one connector 370.
Here, because the bulk-based erase operation 1s a technique
according to the related art, descriptions thereof will be
omitted.

Heretotfore, although the three-dimensional flash memory
device 300 including one string 330 has been described, the
three-dimensional flash memory device 300 may include a
plurality of strings 330, each having the above-described
structure.
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FIG. 6 1s a cross-sectional view illustrating a three-
dimensional flash memory device supporting a bulk erase
operation, according to another embodiment of the present
disclosure, and FIG. 7 illustrates a cross-sectional view of a

region 630 of the three-dimensional flash memory device of >

FIG. 6, which supports a bulk erase operation.

Referring to FIGS. 6 and 7, while a three-dimensional
flash memory device 600 supporting a bulk erase operation,
according to another embodiment of the present disclosure,
has the same structure as the three-dimensional flash
memory device 300 described with reference to FIGS. 3 and
4, at least one connector 610 has a diflerent structure.

For example, imn the three-dimensional flash memory
device 600 according to another embodiment of the present
disclosure, the at least one connector 610 may include an N+
layer surrounded by and contacting at least one intermediate
wiring layer 620. Here, the N+ layer may be formed by a
process ol implanting N+ type 10ns into the same material as
a channel layer.

FIG. 8 1s a cross-sectional view illustrating a three-
dimensional flash memory device supporting a bulk erase
operation, according to yet another embodiment of the
present disclosure, and FIG. 9 illustrates a cross-sectional
view of aregion 830 of the three-dimensional flash memory
device of FIG. 8, which supports a bulk erase operation.

Referring to FIGS. 8 and 9, while a three-dimensional
flash memory device 800 supporting a bulk erase operation,

according to yet another embodiment of the present disclo-
sure, has the same structure as the three-dimensional flash
memory device 300 described with reference to FIGS. 3 and
4, at least one connector 810 has a diflerent structure.

For example, imn the three-dimensional flash memory
device 800 according to yet another embodiment of the
present disclosure, the at least one connector 810 may
include an N-layer surrounded by and contacting at least one
intermediate wiring layer 820. Here, the N- layer may be
formed by a process of implanting N- type 1ons 1nto the
same material as a channel layer.

Heretotfore, in the three-dimensional flash memory
devices 300, 600, and 800 described with reference to FIGS.
3109, an erase voltage V_ ___ (for example, 14 V) 1s applied
to the bulk included in the substrate and the remaining
wiring layers are floating, as shown 1n the following Table
1, thereby performing a bulk-based erase operation.

TABLE 1

Upper wiring layer 0V
First top selector 0OV
Gate of 1-1°" memory cell Y
Gate of 1-2"¢ memory cell 0OV
First bottom selector 0V
Intermediate wiring layer Floating
Second top selector 0V
Gate of 2-1% memory cell 0V
Gate of 2-2"¢ memory cell 0V
Second bottom selector 0V
Lower wiring layer Floating
Third top selector 0V
Gate of 3-1% memory cell 0V
Gate of 3-2"¢ memory cell 0V
Third bottom selector 0V
Bulk V gse (14V)

FIGS. 10A and 10B are diagrams each illustrating a
pattern 1 which at least one intermediate wiring layer 1s
formed, 1n a three-dimensional flash memory device sup-
porting a bulk erase operation, according to an embodiment
of the present disclosure.
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Reterring to FIGS. 10A and 10B, 1n the three-dimensional
flash memory device supporting a bulk erase operation, a
pattern in which at least one intermediate wiring layer 1020
1s formed may be determined according to a shape of a bit
line connected to the three-dimensional flash memory
device. More specifically, the at least one intermediate
wiring layer 1020 may be formed 1n a pattern according to
a shape of a bit line connected to a string that corresponds
to the at least one intermediate wiring layer 1020.

For example, as shown in FIG. 10A illustrating top views,
when a bit line 1010 1s formed as a single line having a filled
inside, the at least one intermediate wiring layer 1020 may
be formed as a single line having a filled 1nside according to
the shape of the bit line 1010.

As another example, as shown 1n FIG. 10B illustrating top
views, when the bit line 1010 1s formed as two lines having
an empty space therebetween, the at least one intermediate
wiring layer 1020 may be formed as two lines having an
empty space therebetween according to the shape of the bit
line 1010.

Heretotfore, although the three-dimensional flash memory
device supporting a bulk erase operation has been described,
at least one connector may also be implemented to support
a gate induced drain leakage (GIDL)-based erase operation
rather than a bulk erase operation. This will be described
below 1n detail.

FIGS. 11A to 11D are cross-sectional views 1llustrating,
three-dimensional flash memory devices supporting a GIDL
erase operation, according to an embodiment of the present
disclosure.

Referring to FIGS. 11 A to 11D, while a three-dimensional
flash memory device 1100 supporting a GIDL-based erase
operation has the same structure and components as the
three-dimensional tlash memory device 300 described with
reference to FIG. 3, at least one connector 1110 has a
different structure.

For example, as shown in FIG. 11A, the at least one
connector 1110 may be formed in a structure including an
N+ layer 1111, which 1s deposited under at least one inter-
mediate wiring layer 1120, and an N- layer 1112, which 1s
arranged on the N+ layer 1111 and contacts the at least one
intermediate wiring layer 1120 while surrounded by the at
least one intermediate wiring layer 1120. The N- layer 1112,
like a channel layer, may include a filling film filling an
inside of the N- layer 1112 and a sidewall surrounding an
outside of the N- layer 1112. As a more particular example,
as shown i FIG. 11A, although the N- layer 1112 may
include both the filling film filling the 1nside of the N- layer
1112 and the sidewall (for example, an ONO layer) sur-
rounding the outside of the N- layer 1112, the present
disclosure 1s not limited thereto, and as shown 1n FIG. 11B,
the N- layer 1112 may include only the filling film filling the
inside of the N- layer 1112. In this case, the sidewall may
be formed only up to a top of the at least one intermediate
wiring layer 1120.

As another example, as shown in FIG. 11C, the at least
one connector 1110 may be formed 1n a structure including
the N+ layer 1111, which 1s deposited under the at least one
intermediate wiring layer 1120, and the N- layer 1112,
which 1s surrounded by and contacts both the N+ layer 1111
and the at least one intermediate wiring layer 1120. The N-
layer 1112, like the channel layer, may include a filling film
filling the inside of the N- layer 1112 and a sidewall
surrounding the outside of the N- layer 1112. As a more
particular example, as shown 1n FIG. 11C, although the N-
layer 1112 may include both the filling film filling the nside
of the N-layer 1112 and the sidewall (for example, an ONO
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layer) surrounding the outside of the N- layer 1112, the
present disclosure 1s not limited thereto, and the N- layer
1112 may include only the filling film filling the 1mside of the
N- layer 1112. In this case, the sidewall may be formed only
down to a top of the N+ layer 1111 as shown 1n FIG. 11D or
may be formed only down to the top of the at least one
intermediate wiring layer 1120 as shown in FIG. 11E.

That 1s, the at least one connector 1110 described with
retference to FIGS. 11A to 11D may be formed 1n various
structures under the condition that the N- layer 1112 con-
tacts the N+ layer 1111.

Here, when an existing structure, in which the N+ layer
1111 1s deposited on the at least one intermediate wiring
layer 120, 1s provided, a thermal treatment process using
annealing needs to be necessarily performed, and thus, there
may be an 1ssue of deterioration or loss of the at least one
intermediate wiring layer 1120. Accordingly, the three-
dimensional flash memory device 1100 according to an
embodiment of the present disclosure may implement the at
least one connector 1110 and the at least one intermediate
wiring layer 1120 1n the above-described structures, thereby
preventing the deterioration or loss of the at least one
intermediate wiring layer 1120.

The three-dimensional flash memory device 1100 1nclud-
ing the at least one connector 1110 may support a GIDL-
based erase operation rather than a bulk-based erase opera-
tion. More specifically, the three-dimensional flash memory
device 1100 may perform a GIDL-based erase operation by
applying the erase voltage V_,____ (lor example, 14 V) to an
upper wiring layer, the at least one mtermediate wiring layer

1120, and a lower wiring layer, as shown in the following

Table 2.
TABLE 2
Upper wiring layer V., neo (14V)
First top selector 0OV
Gate of 1-1% memory cell 0V
Gate of 1-2"¢ memory cell 0OV
First bottom selector 0V
Intermediate wiring layer Voo (14V)
Second top selector 0V
Gate of 2-1 memory cell OV
Gate of 2-2"¢ memory cell 0V
Second bottom selector 0V
Lower wiring layer V., neo (14V)
Third top selector OV
Gate of 3-1°" memory cell Y
Gate of 3-2"¢ memory cell 0V
Third bottom selector 0V
Bulk Vpse (14V)

FI1G. 12 1s a flowchart 1llustrating a method of manufac-
turing a three-dimensional flash memory device, according,
to an embodiment of the present disclosure, and FIGS. 13 to
22 are diagrams illustrating the method of manufacturing the
three-dimensional flash memory device, according to an
embodiment of the present disclosure.

Referring to FIGS. 12 to 22, the method of manufacturing,
the three-dimensional flash memory device, according to an
embodiment of the present disclosure, 1s performed by a
three-dimensional flash memory manufacturing system
(which will be referred to as a manufacturing system here-
inafter), and the three-dimensional flash memory device
manufactured by the manufacturing method has the structure
described with reference to FIG. 3, 6, or 8 or the structure
described with reference to FIGS. 11A to 11D.

First, the manufacturing system prepares a plurality of
structures, each including a string, the string including a
plurality of electrode layers and a plurality of interlayer
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dielectrics, which are alternately stacked, and a channel
layer extending in one direction through the plurality of
clectrode layers and the plurality of interlayer dielectrics
(1205). For example, by the manufacturing system, atfter a
plurality of electrode layers 1311-1 and 1321-1 and a
plurality of interlayer dielectrics 1311-2 and 1321-2 are
alternately stacked to extend in one direction (the x-axis
direction described with reference to FIG. 2) as shown 1n
FIG. 13, a string hole 1s formed to extend in one direction
(the z-axis direction described with reference to FIG. 2)
through the plurality of electrode layers 1311-1 and 1321-1
and the plurality of interlayer dielectrics 1311-2 and 1321-2,
which are alternately stacked, and channel layers 1311-3 and
1321-3 are formed 1n the string hole, thereby fabricating and
preparing a plurality of structures 1310 and 1320 respec-
tively including strings 1311 and 1321 formed therein.

Next, by the manufacturing system, at least three plug
holes 1411, 1412, and 1413 are formed by at least partially
ctching a base layer 1410 of a substrate 1400, as shown 1n
FIG. 14 (1210). Here, by the manufacturing system, the at
least three plug holes 1411, 1412, and 1413 may be formed
on the same line on the substrate 1400.

Next, by the manufacturing system, metal plugs 1510,
1520, and 1530 are respectively deposited in the at least
three plug holes 1411, 1412, and 1413, as shown 1n FIG. 15
(1215). Here, because the at least three plug holes 1411,
1412, and 1413 are formed on the same line on the substrate
1400, the metal plugs 1510, 1520, and 1530 deposited 1n the
at least three plug holes 1411, 1412, and 1413 are also
located on the same line on the substrate 1400.

Next, by the manufacturing system, a lower wiring layer
1s formed to be connected to one of the at least three metal
plugs 1510, 1520, and 1530 (1220). For example, by the
manufacturing system, a lower wiring layer 1610 may be
formed to extend in one direction (the y-axis direction
described with reference to FIG. 2) to be connected to a first
metal plug 1510 from among the first metal plug 1510, a
second metal plug 1520, and a third metal plug 1530, as
shown 1 FIG. 16.

Next, by the manufacturing system, one structure 1310
out of the plurality of structures 1310 and 1320 1s stacked on
the lower wiring layer 1610 (1225). For example, by the
manufacturing system, a first structure 1310 out of the
plurality of structures 1310 and 1320 prepared as shown in
FIG. 13 may be stacked on the lower wiring layer 1610, as
shown 1 FIG. 17.

Next, by the manufacturing system, connection plugs are
formed 1n the one structure 1310, which 1s stacked on the
lower wiring layer 1610, to extend in one direction, the
connection plugs being respectively connected to the
remaining metal plugs 1520 and 1530 except for the one
metal plug 1510 from among the at least three metal plugs
1510, 1520, and 1530 (1230). For example, by the manu-
facturing system, connection plugs 1810 and 1820 may be
formed 1n the first structure 1310 to extend 1n one direction
(the z-axis direction described with reference to FI1G. 2), the
connection plugs 1810 and 1820 being respectively con-
nected to the remaining metal plugs 1520 and 1530 except
for the first metal plug 1510 connected to the lower wiring
layer 1610 from among the first metal plug 1510, the second
metal plug 1520, and the third metal plug 1530, as shown 1n
FIG. 18.

Next, by the manufacturing system, at least one interme-
diate wiring layer 1s formed to be connected to one connec-
tion plug 1810 out of the connection plugs 1810 and 1820
(1235). For example, by the manufacturing system, at least
one mtermediate wiring layer 1910 may be formed to extend
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in one direction (the y-axis direction described with refer-
ence to FIG. 2) to be connected to a first connection plug
1810 out of the first connection plug 1810 and a second
connection plug 1820, as shown 1n FIG. 19.

Here, by the manufacturing system, at least one connector
may be formed 1n the at least one intermediate wiring layer
1910 1n operation 1235. Specifically, by the manufacturing
system, at least one connector 1911 may be formed 1n the at
least one intermediate wiring layer 1910, the at least one
connector 1911 connecting the channel layer 1311-3, which
1s included in the one structure 1310 located under the at
least one intermediate wiring layer 1910, to the channel
layer 1321-3, which 1s included in the remaining one struc-
ture 1320 to be located on the at least one intermediate
wiring layer 1910.

In particular, according to a structure of the at least one
connector formed i the at least one intermediate wiring
layer 1910 by the manufacturing system in operation 1235,
the manufactured three-dimensional flash memory device
may be allowed to support one of a bulk-based erase
operation and a GIDL-based erase operation. This will be
described in detail with reference to FIGS. 23 to 27.

In addition, by the manufacturing system, the at least one
intermediate wiring layer 1910 may be formed 1n a pattern
according to a shape of a bit line connected to a string, 1n
operation 1235.

Next, by the manufacturing system, the remaining one
structure 1320 except for the structure 1310 stacked on the
lower wiring layer 1610, out of the plurality of structures
1310 and 1320, 1s stacked on the at least one intermediate
wiring layer 1910 (1240). For example, by the manufactur-
ing system, a second structure 1320 out of the plurality of
structures 1310 and 1320 prepared as shown 1n FIG. 13 may
be stacked on the at least one intermediate wiring layer
1910, as shown 1n FIG. 20.

Next, by the manufacturing system, a connection plug 1s
formed in the remaining one structure 1320, which 1is
stacked on the at least one intermediate wiring layer 1910,
to extend in one direction, the connection plug being con-
nected to the metal plug 1530 other than the metal plug 1520
connected to the at least one intermediate wiring layer 1910,
out of the remaining metal plugs 1520 and 1530. For
example, by the manufacturing system, a connection plug
2110 may be formed to extend 1n one direction (the z-axis
direction described with reference to FIG. 2), the connection
plug 2110 being connected to the third metal plug 1530 other
than the second metal plug 1520 connected to the at least one
intermediate wiring layer 1910, out of the second metal plug
1520 and the third metal plug 1530, as shown 1n FIG. 21.

Next, by the manufacturing system, an upper wiring layer
1s formed to be connected to the connection plug 2110
(1250). For example, by the manufacturing system, an upper
wiring layer 2210 may be formed to extend in one direction
(the y-axis direction described with reference to FIG. 2) to
be connected to the connection plug 2110, as shown 1n FIG.
22.

In particular, the manufacturing system may allow the
lower wiring layer 1610, the at least one intermediate wiring
layer 1910, and the upper wiring layer 2210 to form an
iversely stepwise shape by forming the lower wiring layer
1610 1n operation 1220, the at least one intermediate wiring
layer 1910 in operation 1235, and the upper wiring layer
2210 1n operation 1250 to different extension lengths from
cach other. As an example, the manufacturing system may
allow the upper wiring layer 2210, the at least one interme-
diate wiring layer 1910, and the lower wiring layer 1610 to
respectively have decreasing extension lengths 1n the stated

5

10

15

20

25

30

35

40

45

50

55

60

65

18

order by forming the lower wiring layer 1610 to a smallest
extension length, forming the at least one intermediate
wiring layer 1910 to a next smallest extension length, and
forming the upper wiring layer 2210 to a largest extension
length.

Due to the mnversely stepwise shape, the upper wiring
layer 2210, the at least one intermediate wiring layer 1910,
and the lower wiring layer 1610 are respectively connected
to the plugs 1413, 1412, and 1411 formed on the same line
on the single substrate 1400, whereby the manufactured
three-dimensional flash memory device may be integrated
and reduced 1n size and may be manufactured through a
simple wiring process having an extremely low degree of
complexity as described above.

Heretofore, although the method of manufacturing the
three-dimensional flash memory device including one inter-
mediate wiring layer 1910 has been described, the three-
dimensional flash memory device may also be manufactured
based on the above-described operations even when the
three-dimensional flash memory device includes a plurality
ol intermediate wiring layers 1910.

FIGS. 23 to 27 are diagrams illustrating detailed pro-
cesses of a process of forming at least one connector 1n a
method of manufacturing a three-dimensional flash memory
device, according to an embodiment of the present disclo-
sure.

The manufacturing system may perform a process of
forming the at least one connector 1911 1n the at least one
intermediate wiring layer 1910 through detailed processes as
in the following examples. However, a fabrication process of
the at least one connector 1911 1s not limited to the following
examples and may be performed through various processes
allowing the at least one connector 1911 to have a structure
for connecting the channel layer 1311-3 to the channel layer
1321-3 while the at least one connector 1911 1s arranged 1n
the at least one intermediate wiring layer 1910, the channel
layer 1311-3 being included in the one structure 1310
located under the at least one intermediate wiring layer
1910, and the channel layer 3121-3 being included 1n the
remaining one structure 1320 that 1s to be located on the at
least one 1ntermediate wiring layer 1910. Such a structure 1s
for allowing a bulk-based erase operation to be supported
due to the at least one connector 1911 and will be described
with reference to FIGS. 23 to 26.

As an example, referring to FI1G. 23, by the manufacturing
system, after a region 1912 of the at least one intermediate
wiring layer 1910, which contacts the channel layer 1311-3
included 1n the one structure 1310 under the at least one
intermediate wiring layer 1910, 1s etched, the at least one
connector 1911, which includes an N- layer 1911-1 and an
N+ layer 1911-2 surrounding the N- layer 1911-1 and
contacting the at least one intermediate wiring layer 1910,
may be formed in the etched region 1912.

As another example, referring to FIG. 24, by the manu-
facturing system, after the region 1912 of the at least one
intermediate wiring layer 1910, which contacts the channel
layer 1311-3 included 1n the one structure 1310 under the at
least one intermediate wiring layer 1910, 1s etched, the at
least one connector 1911, which includes an N- layer
surrounded by and contacting the at least one intermediate
wiring layer 1910, may be formed 1n the etched region 1912.

As yet another example, referring to FIG. 25, by the
manufacturing system, after the region 1912 of the at least
one intermediate wiring layer 1910, which contacts the
channel layer 1311-3 included in the one structure 1310
under the at least one intermediate wiring layer 1910, 1s
etched, the at least one connector 1911, which includes an
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N+ layer surrounded by and contacting the at least one
intermediate wiring layer 1910, may be formed in the etched
region 1912.

On the other hand, at least one connector 2610 described
below with reference to FIGS. 26 and 27 may be fabricated
in a structure allowing a three-dimensional flash memory
device to support a GIDL-based erase operation, as
described 1n the following examples.

As an example, referring to FI1G. 26, by the manufacturing
system, after the at least one intermediate wiring layer 1910,
under which an N+ layer 2611 1s deposited, 1s formed, the
region 1912 of the at least one intermediate wiring layer
1910, which contacts the channel layer 1311-3 included 1n
the one structure 1310 under the at least one intermediate
wiring layer 1910, 1s etched, and then, an N- layer 2612
surrounded by and contacting the at least one intermediate
wiring layer 1910 1s formed in the etched region 1912,
thereby forming the at least one connector 2610.

As another example, as shown 1n FIG. 27, by the manu-
facturing system, aiter the at least one mtermediate wiring
layer 1910, under which an N+ layer 2711 1s deposited, 1s
formed, respective regions 1912 and 1913 of the at least one
intermediate wiring layer 1910 and the N+ layer 2711, which
correspond to the channel layer 1311-3 included 1n the one
structure 1310 under the at least one intermediate wiring
layer 1910, are etched, and then, an N- layer 2712 sur-
rounded by and contacting both the N+ layer 2711 and the
at least one intermediate wiring layer 1910 1s formed 1n the
etched regions 1912 and 1913, thereby forming at least one
connector 2710.

Accordingly, the three-dimensional flash memory device
may support a GIDL-based erase operation due to the at least
one connector 2610 or 2710 formed in such a structure.

FI1G. 28 1s a top view 1llustrating a three-dimensional flash
memory, according to an embodiment of the present disclo-
sure, FIG. 29 1s a cross-sectional view of the three-dimen-
sional flash memory device of FIG. 28, taken along an
X-axis, and FIG. 30 1s a cross-sectional view of the three-
dimensional tlash memory device of FIG. 28, taken along a
Y-axis. More specifically, FIG. 28 1s a top view 1llustrating,
a horizontal cross-section of a vertically intermediate region
of a string in the three-dimensional flash memory.

Referring to FIGS. 28 to 30, a three-dimensional tflash
memory 2800 includes a string 2810 extending 1n one
direction, a channel connector 2820, an intermediate wiring
layer 2830, and a wiring connector 2840.

Although the string 2810 1s described and illustrated as
including channel layers 2811 and 2812 extending 1n one
direction, the present disclosure 1s not limited thereto, and
the string 2810 may include a plurality of electrode layers
(not shown), which are stacked vertically with respect to the
channel layers 2811 and 2812, and a plurality of msulating
layers (not shown) respectively arranged between the plu-
rality of electrode layers, in addition to the channel layers
2811 and 2812.

The channel connector 2820 connects an upper channel
layer 2811 to a lower channel layer 2812 1n an intermediate
region of the string 2810. For example, like the channel
layers 2811 and 2812, the channel connector 2820 may
include an N- type material (for example, N-type polysili-
con) through an implantation process ol N- type 1ons.
However, the present disclosure 1s not limited thereto, and
the channel connector 2820 may include a metal material.
This will be described 1n detail with reference to FIG. 31. As
such, as the channel connector 2820 connects the upper
channel layer 2811 to the lower channel layer 2812 in the
intermediate region of the string 2810, both the upper
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channel layer 2811 and the lower channel layer 2812 are
connected to a substrate including a P type bulk and an N+
contact, and thus, a bulk-based erase operation may be
performed.

The intermediate wiring layer 2830 may include a metal
material (for example, tungsten (W), titanium (1), tantalum
(Ta), Copper (Cu), or gold (Au)) such that the intermediate
wiring layer 2830 1s capable of being selectively used as a
source electrode or a drain electrode for the string 2810.
More specifically, when an upper wiring layer (not shown)
included 1n the three-dimensional flash memory 2800 1s used
as a source electrode, the intermediate wiring layer 2830,
which 1s closest to the upper wiring layer while a memory
cell to be controlled by both the intermediate wiring layer
2830 and the upper wiring layer 1s placed therebetween, may
be used as a drain electrode, and when the upper wiring layer
1s used as a drain electrode, the intermediate wiring layer
2830, which 1s closest to the upper wiring layer while a
memory cell to be controlled by both the intermediate wiring
layer 2830 and the upper wiring layer i1s placed therebe-
tween, may be used as a source electrode. Hereinafter, the
memory cell refers to a charge storage layer, which 1s an
information storage element 1n the three-dimensional flash
memory device 2800, and an electrode layer directly con-
tacting the charge storage layer.

Here, the intermediate wiring layer 2830 may be imple-
mented as a plurality of intermediate wiring layers 2830. For
example, when the intermediate wiring layer 2830 1s imple-
mented as the plurality of intermediate wiring layers 2830
including a first mtermediate wiring layer, a second inter-
mediate wiring layer, and a third intermediate wiring layer
(where the first intermediate wiring layer, the second inter-
mediate wiring layer, and the third intermediate wiring layer
1s vertically arranged in the stated order), the first interme-
diate wiring layer may be used as a drain electrode, and thus,
the second 1ntermediate wiring layer, which 1s closest to the
first intermediate wiring layer while a memory cell to be
controlled by both the first intermediate wiring layer and the
second intermediate wiring layer 1s placed therebetween,
may be used as a source electrode. In addition, the third
intermediate wiring layer may be used as a source electrode,
and thus, the second intermediate wiring layer, which 1s
closest to the third intermediate wiring layer while a
memory cell to be controlled by both the second interme-
diate wiring layer and the third intermediate wiring layer 1s
placed therebetween, may be used as a drain electrode. That
1s, 1n response to using another wiring layer adjacent to the
intermediate wiring layer 2830 as one of a source electrode
and a drain electrode while a memory cell to be controlled
by both the other wiring layer and the intermediate wiring
layer 2830 1s placed therebetween, the imntermediate wiring
layer 2830 may be adaptively used as the remaining one
electrode other than the one electrode in use. Hereinafter,
use of one wiring layer as a drain electrode or a source
clectrode according to circumstances means that the corre-
sponding wiring layer 1s formed 1n a reconfigurable manner
such that the corresponding wiring layer 1s capable of being
adaptively used as one of a source electrode and a drain
clectrode. Thus, the intermediate wiring layer 2830 may be
formed in a reconfigurable manner.

In particular, the intermediate wiring layer 2830 1s located
in a space between strings, thereby allowing the three-
dimensional flash memory 2800 to be integrated and
reduced 1n size. For example, the intermediate wiring layer
2830 may be located 1n a space between a first string 2810
and a second string 2850 and thus shared between the strings

2810 and 2850, the second string 2850 being a neighbor
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string adjacent to the first string 2810. Here, the strings 2810
and 2850 sharing the intermediate wiring layer 2830 may be
the strings 2810 and 2850 diagonally adjacent to each other
from among a plurality of strings included in the three-
dimensional flash memory 2800.

Hereinafter, the statement that the intermediate wiring
layer 2830 1s shared between the strings 2810 and 2850
means that the mtermediate wiring layer 2830 1s selectively
used as one of a source electrode and a drain electrode for
the first string 2810 simultaneously with being selectively
used as one of a source electrode and a drain electrode for
the second string 2850. To this end, the intermediate wiring,
layer 2830 may be connected to the channel connector 2820
of the first string 2810 and simultaneously connected to a
channel connector (not shown) of the second string 2850.

The wiring connector 2840 connects the channel connec-
tor 2820 to the mtermediate wiring layer 2830 while being
at least partially buried 1n the string 2810. For example, the
wiring connector 2840 may be formed of an N+ type
material (for example, N+ type polysilicon) to be at least
partially burnied in the string 2810, by an implantation
process of N+ type 1ons.

Heretofore, although the structure of the three-dimen-
sional flash memory 2800 has been described based on one
string 2810, the present disclosure 1s not limited thereto, and
the three-dimensional flash memory 2800 according to an
embodiment of the present disclosure may have a structure
that 1s based on a plurality of strings 2810 and 2850 sharing
the mtermediate wiring layer 2830. In this case, the three-
dimensional flash memory 2800 may be described as having
a structure including: the diagonally adjacent strings 2810
and 2850 from among the plurality of strings; the channel
connector 2820 connecting the upper channel layer 2811 to
the lower channel layer 2812 of each of the diagonally
adjacent strings 2810 and 2850; the itermediate wiring
layer 2830, which 1s shared by the diagonally adjacent
strings 2810 and 2850 and 1s capable of being selectively
used as one of a source electrode and a drain electrode for
cach of the diagonally adjacent strings 2810 and 2850; and
the wiring connector 2840 connecting, to each other, the
channel connector 2820 and the intermediate wiring layer
2830 of each of the diagonally adjacent strings 2810 and
2850 while being at least partially buried i each of the
diagonally adjacent strings 2810 and 28350. When strings
sharing the ntermediate wiring layer 2830 are not the
diagonally adjacent strings 2810 and 2850 but horizontally
adjacent strings, the three-dimensional flash memory 2800
may have a structure that 1s based on the horizontally
adjacent strings. This will be described 1n detail with refer-
ence to FIGS. 54 to 57.

As such, the three-dimensional flash memory 2800
includes the intermediate wiring layer 2830, which 1s
capable of being selectively used as one of a source elec-
trode and a drain electrode, between the adjacent strings
2810 and 2850 and simultanecously includes the channel
connector 2820, which connects the upper channel layer
2811 to the lower channel layer 2812, in the strings 2810 and
2850, whereby a cell current decreasing with increasing
lengths of the channel layers 2811 and 2812 may increase,
the deterioration 1n cell characteristics due to a reduction in
cell current may be improved, a bulk erase operation based
on a bulk of a substrate may be supported, and an 1mprove-
ment i a degree of integration and simplification of a wiring,
process may be achieved.

FIG. 31 1s a cross-sectional view of the three-dimensional
flash memory of FIG. 28, according to another embodiment
of the present disclosure.
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Reterring to FIG. 31, although a three-dimensional tlash
memory 3100 according to another embodiment of the
present disclosure has the same structure as the three-
dimensional flash memory 2800 described with reference to
FIGS. 28 to 30, there 1s a difference in that a channel
connector 3110 includes a metal material. More specifically,
the channel connector 3110 included in the three-dimen-
sional tlash memory 3100 according to another embodiment
of the present disclosure may include the same metal mate-
rial (for example, at least one of tungsten (W), titantum (11),
tantalum (Ta), Copper (Cu), or gold (Au)) as an intermediate
wiring layer 3120.

While the three-dimensional flash memory 3100, which
has been manufactured as described above, according to
another embodiment of the present disclosure has a difler-
ence 1n material constituting the channel connector 3110
from the three-dimensional flash memory 2800 according to
an embodiment of the present disclosure, the three-dimen-
sional flash memory 3100 may have a diflerence 1n number
of mask-based etching processes from the three-dimensional
flash memory 2800, in terms ol a manufacturing process.
For example, because the intermediate wiring layer 2830
and the channel connector 2820 include different materials
from each other, the three-dimensional flash memory 2800,
which 1s described with reference to FIG. 28, according to
an embodiment of the present disclosure 1s manufactured
through a total of three mask-based etching processes
including a first mask process for forming the wiring con-
nector 2840, a second mask process for forming the inter-
mediate wiring layer 2830, and a third mask process for
forming the channel connector 2820, whereas, because the
intermediate wiring layer 3120 and the channel connector
3110 include the same material, the three-dimensional flash
memory 3100 according to another embodiment of the
present disclosure may be manufactured through a total of
two mask-based etching processes including a first mask
process for forming a wiring connector 3130 and a second
process for simultaneously forming the imtermediate wiring
layer 3120 and the channel connector 3110. However, the
present disclosure 1s not limited thereto, and the three-
dimensional flash memory 2800 according to an embodi-
ment of the present disclosure and the three-dimensional
flash memory 3100 according to another embodiment of the
present disclosure may be manufactured through various
processes allowing the above-described structures to be
implemented. A manufacturing method will be described 1n
detail with reference to FIGS. 33 to 36.

In addition, the three-dimensional flash memory 2800
according to an embodiment of the present disclosure and
the three-dimensional flash memory 3100 according to
another embodiment of the present disclosure may be imple-
mented 1n a structure including an additional connector (not
shown), which respectively connects the intermediate wiring
layers 2830 and 3120 to the wiring connectors 2840 and
3130, 1n addition to the above-described structures. This will
be described 1n detail with reference to FI1G. 32.

FIG. 32 1s a cross-sectional view of the three-dimensional
flash memory of FIG. 28, according to yet another embodi-
ment of the present disclosure.

Referring to FIG. 32, although a three-dimensional flash
memory device 3200 according to yet another embodiment
of the present disclosure has the same structure as the
three-dimensional flash memory 2800 described with refer-
ence to FIGS. 28 to 30, there 1s a difference in that the
three-dimensional flash memory device 3200 further
includes an additional connector 3210. Specifically, the
additional connector 3210, which 1s an additional compo-
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nent for connecting an intermediate wiring layer 3220 to a
wiring connector 3230, may be a component not extending
in the Y-axis direction shown in FIG. 28 like the wiring
connector 3230, unlike the intermediate wiring layer 3220
extending 1n the Y-direction. Thus, a structure including the
additional connector 3210 may be used when 1t 1s dithicult to
apply a structure 1 which the intermediate wiring layer
3220 directly contacts the wiring connector 3230.

Although FIG. 32 illustrates that the three-dimensional
flash memory device 3200 according to yet another embodi-
ment of the present disclosure includes a channel connector
3240 including an N- type material, the present disclosure
1s not limited thereto, and the structure including the addi-
tional connector 3210 may be applied even when the chan-
nel connector 3240 includes a metal material.

While the three-dimensional flash memory 3200, which
has been manufactured as described above, according to yet
another embodiment of the present disclosure has only a
difference of further including the additional connector 3210
unlike the three-dimensional flash memory 2800 according
to an embodiment of the present disclosure and the three-
dimensional flash memory 3100 according to another
embodiment of the present disclosure, the three-dimensional
flash memory 3200 may have a diflerence in number of
mask-based etching processes, 1n terms of a manufacturing,
process. For example, as described above with reference to
FIG. 31, while the three-dimensional flash memory 2800
according to an embodiment of the present disclosure is
manufactured through a total of three mask-based etching
processes and the three-dimensional flash memory 3100
according to another embodiment of the present disclosure
1s manufactured through a total of two mask-based etching
processes, the three-dimensional flash memory 3200 accord-
ing to yet another embodiment of the present disclosure may
be manufactured through a total of four mask-based etching,
processes including a first mask process for forming the
wiring connector 3230, a second mask process for forming,
the additional connector 3210, a third mask process for
forming the intermediate wiring layer 3220, and a fourth
mask process for forming the channel connector 3240.

FIG. 33 1s a flowchart illustrating a method of manufac-
turing a three-dimensional flash memory, according to an
embodiment of the present disclosure, FIGS. 34 to 39 are
cross-sectional views illustrating the method of manufactur-
ing the three-dimensional flash memory, according to an
embodiment of the present disclosure, FIGS. 40 to 45 are
diagrams 1llustrating the method of manufacturing the three-
dimensional flash memory, according to another embodi-
ment of the present disclosure, and FIGS. 46 to 53 are
diagrams 1llustrating the method of manufacturing the three-
dimensional flash memory, according to yet another embodi-
ment of the present disclosure.

Hereinafter, it 1s premised that the method of manufac-
turing the three-dimensional flash memory, which will be
described with reference to FIGS. 33 to 53, 1s performed by
a manufacturing system automated and mechanized, and the
method of manufacturing the three-dimensional ftlash
memory refers to a method of manufacturing the three-
dimensional tlash memory 2800 described with reference to
FIGS. 28 to 30, the three-dimensional flash memory 3100
described with reference to FIG. 31, and the three-dimen-

sional flash memory 3200 described with reference to FIG.
32.

In addition, cross-sectional views of FIGS. 34 to 53 refer
to cross-sectional views of the strings 2810 and 2860 of FIG.
28, taken 1n the X-axis direction, for describing the method
of manufacturing the three-dimensional flash memory.
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Although 1t 1s described that the three-dimensional flash
memory based on the string 2810 shown in FIG. 28 1s
manufactured through the manufacturing method described
below, the three-dimensional flash memory based on the
string 2850 may also be identically manufactured by the
manufacturing method described below.

First, 1n operation S3310, by the manufacturing system,
lower channel layers 3410, 4010, and 4610 are formed. For
example, by the manufacturing system, the lower channel
layers 3410, 4010, and 4610 may be formed of an N- type
material, as shown in FIGS. 34, 40, and 46. Here, the lower
channel layers 3410, 4010, and 4610 may each have a
tubular shape having an empty 1nside, and 1n this case, filling
films 3411, 4011, and 4611 respectively filling 1insides of the
lower channel layers 3410, 4010, and 4610, and sidewalls
3412, 4012, and 4612 respectively surrounding outsides of
the lower channel layers 3410, 4010, and 4610 may be
turther arranged.

Next, in operation S3320, by the manufacturing system,
wiring connectors 3420, 4020, and 4620 are respectively
formed on portions of top regions of the lower channel
layers 3410, 4010, and 4610. For example, as shown 1n
FIGS. 35, 41, and 47, by the manufacturing system, the
wiring connectors 3420, 4020, and 4620 may be respectively
formed of N+ type materials from the portions of the top
regions of the lower channel layers 3410, 4010, and 4610 to
spaces between strings by an implantation process of N+
type 1ons. As a more particular example, by the manufac-
turing system, the wiring connectors 3420, 4020, and 4620
may be respectively formed to partially overlap the portions
of the top regions of the lower channel layers 3410, 4010,
and 4610 by using a mask process.

Next, in operation S3330, by the manufacturing system,
insulating layers 3430, 4030, and 4630 are respectively
formed to cover the wiring connectors 3420, 4020, and
4620. For example, by the manufacturing system, the 1nsu-
lating layers 3430, 4030, and 4630 may be respectively
formed of insulating materials, as shown 1 FIGS. 36, 42,
and 48. Here, the msulating layers 3430, 4030, and 4630
may include the same maternial as an interlayer dielectric (not
shown) arranged between a plurality of electrode layers (not
shown) included 1n a string.

Next, 1n operation S3340, by the manufacturing system,
portions of the msulating layers 3430, 4030, and 4630,
which respectively correspond to remaining portions of the
top regions of the lower channel layers 3410, 4010, and 4610
except for the portions thereol where the wiring connectors
3420, 4020, and 4620 are formed, and portions of the
insulating layers 3430, 4030, and 4630, which respectively
correspond to portions of top regions of the wiring connec-
tors 3420, 4020, and 4620, are etched.

Next, in operation S3350, by the manufacturing system,
intermediate wiring layers 3440, 4040, and 4640 are respec-
tively formed 1n spaces obtained by etching the portions of
the isulating layers 3430, 4030, and 4630, which corre-
spond to the portions of the top regions of the wiring
connectors 3420, 4020, and 4620.

Next, 1n operation S3360, by the manufacturing system,
channel connectors 3450, 4050, and 4650 are respectively
formed 1n spaces 3432, 4032, and 4632 obtained by etching
the portions of the msulating layers 3430, 4030, and 4630,
which correspond to the remaining portions of the top
regions of the lower channel layers 3410, 4010, and 4610
except for the portions thereol where the wiring connectors
3420, 4020, and 4620 are formed.

Here, operations S3340 to S3360 may be differently
performed in terms of details thereof according to which one
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ol the three-dimensional flash memory 2800 described with
reference to FIG. 28, the three-dimensional tlash memory
3100 described with reference to FIG. 31, and the three-
dimensional flash memory 3200 described with reference to
FIG. 32 1s intended to be manufactured.

For example, when the three-dimensional flash memory
2800 described with reference to FIG. 28 1s intended to be
manufactured, after the portion of the insulating layer 3430,
which corresponds to the portion of the top region of the
wiring connector 3420, 1s etched by a mask process by the
manufacturing system, as shown in FIG. 37, the intermedi-
ate wiring layer 3440 may be formed, by the manufacturing
system, 1n the space obtained by etching the portion of the
insulating layer 3430, which corresponds to the portion of
the top region of the wiring connector 3420. Next, by the
manufacturing system, after the portion of the insulating
layer 3430, which corresponds to the remaining portion of
the top region of the lower channel layer 3410 except for the
portion thereof where the wiring connector 3420 1s formed,
1s etched by a mask process, as shown in FIG. 38, the
channel connector 3450 may be formed 1n the space 3432
obtained by etching the portion of the insulating layer 3430,
which corresponds to the remaining portion of the top region
of the lower channel layer 3410 except for the portion
thereol where the wiring connector 3420 1s formed. Here, by
the manufacturing system, the intermediate wiring layer
3440 and the channel connector 3450 may be formed such
that the wiring connector 3420 at least partially buried 1n the
string contacts both the intermediate wiring layer 3440 and
the channel connector 3450.

As another example, when the three-dimensional flash
memory 3100 described with reference to FIG. 31 1s
intended to be manufactured, after the portion of the 1nsu-
lating layer 4030, which corresponds to the portion of the
top region ol the wiring connector 4020, and the portion of
the insulating layer 4030, which corresponds to the remain-
ing portion of the top region of the lower channel layer 4010
except for the portion thereol where the wiring connector
4020 1s formed, are etched by a mask process by the
manufacturing system, as shown i FIG. 43, the intermedi-
ate wiring layer 4040 may be formed, by the manufacturing
system, 1n the space 4031 obtained by etching the portion of
the 1nsulating layer 4030, which corresponds to the portion
ol the top region of the wiring connector 4020, as shown 1n
FIG. 44, and the channel connector 4050 may be formed, by
the manufacturing system, in the space 4032 obtained by
ctching the portion of the insulating layer 4030, which
corresponds to the remaining portion of the top region of the
lower channel layer 4010 except for the portion thereof
where the wiring connector 4020 1s formed. Here, by the
manufacturing system, the itermediate wiring layer 4040
and the channel connector 4050 may be formed such that the
wiring connector 4020 at least partially buried in the string
contacts both the intermediate wiring layer 4040 and the
channel connector 4050.

As yet another example, when the three-dimensional flash
memory 3200 described with reference to FIG. 32 1s
intended to be manufactured, after the portion of the insu-
lating layer 4630, which corresponds to the portion of the
top region of the wiring connector 4620, 1s etched by a mask
process by the manufacturing system, as shown in FIG. 49,
an additional connector 4660 may be formed, by the manu-
facturing system, in the space 4631 obtained by etching the
portion of the msulating layer 4630, which corresponds to
the portion of the top region of the wiring connector 4620.
Next, by the manufacturing system, after the intermediate
wiring layer 4640 1s formed on the additional connector
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4660 by a mask process as shown 1n FIG. 50, an additional
insulating layer 4633 1s formed to cover the intermediate
wiring layer 4640 as shown in FIG. 51. Thus, as shown in
FIG. 52, by the manufacturing system, after portions of the
insulating layer 4630 and the additional insulating layer
4633, which respectively correspond to the remaining por-
tions of the top regions of the lower channel layer 4610
except for the portions thereof where the wiring connector
4620 1s formed, are etched by a mask process, the channel
connector 4650 may be formed 1n the spaces 4632 and 4634
obtained by etching the portions of the insulating layer 4630
and the additional insulating layer 4633, which respectively
correspond to the remaining portions of the top regions of
the lower channel layer 4610 except for the portions thereof
where the wiring connector 4620 1s formed. Here, by the
manufacturing system, the additional connector 4660 and
the channel connector 4650 may be formed such that the
wiring connector 4620 at least partially buried 1n the string
contacts both the additional connector 4660 and the channel
connector 4650, the additional connector 4660 contacting
the intermediate wiring layer 4640.

Next, in operation S3370, by the manufacturing system,
upper channel layers 3460, 4060, and 4670 are respectively
formed on the channel connectors 3450, 4050, and 4650. For
example, by the manufacturing system, the upper channel
layers 3460, 4060, and 4670 may be respectively formed of
N- type materials, as shown 1n FIGS. 39, 45, and 53. Here,
like the lower channel layers 3410, 4010, and 4610, the
upper channel layers 3460, 4060, and 4670 may each have
a tubular shape having an empty inside, and in this case,
filling films 3461, 4061, and 4671 respectively filling the
insides of the upper channel layers 3460, 4060, and 4670,
and sidewalls 3462, 4062, and 4672 respectively surround-
ing outsides of the upper channel layers 3460, 4060, and
4670 may be further arranged.

FIG. 54 1s a top view 1illustrating a three-dimensional flash
memory, according to another embodiment of the present
disclosure, and FIG. 55 1s a cross-sectional view of the
three-dimensional flash memory of FIG. 54, taken along an
X-axis.

Referring to FIGS. 54 and 55, while a three-dimensional
flash memory 5400 according to another embodiment of the
present disclosure has a similar structure to the three-
dimensional flash memory 2800 described with reference to
FIGS. 28 to 30, there 1s a difference 1n that an intermediate
wiring layer 5430 arranged between strings 5410 and 5420
1s shared by the strings 5410 and 5420 horizontally adjacent
to each other rather than by diagonally adjacent strings.

More specifically, for the intermediate wiring layer 5430
to be shared by the strings 5410 and 35420 horizontally
adjacent to each other, a wiring connector 5440 may be
formed to be at least partially buried 1n each of the strings
5410 and 5420, thereby connecting channel connectors 5411
and 5421 of the respective strings 5410 and 5420 to the
intermediate wiring layer 5430.

Because materials respectively constituting the wiring
connector 53440, the channel connectors 3411 and 5421, and
the intermediate wiring layer 5430 are the same as those of
the wiring connector 2840, the channel connector 2820, and
the intermediate wiring layer 2830 included 1n the three-
dimensional flash memory 2800 described with reference to
FIGS. 28 to 30, descriptions thereof will be omitted.

FIG. 56 1s a cross-sectional view of the three-dimensional
flash memory of FIG. 54, according to another embodiment
of the present disclosure.

Referring to FIG. 56, while channel connectors 5611 and
5621 in a three-dimensional tlash memory 5600 includes a




US 11,844,215 B2

27

metal material (for example, at least one of tungsten (W),
titanium (11), tantalum (Ta), Copper (Cu), or gold (Au)) like
the channel connector 3110 included 1n the three-dimen-
sional flash memory 3100 described with reference to FIG.
31, there 1s a diflerence 1n that an intermediate wiring layer
5630 1s shared by horizontally adjacent strings 5610 and
5620 rather than by diagonally adjacent strings, as described
with reference to FIGS. 54 and 55. Likewise, for the
intermediate wiring layer 5630 to be shared by the horizon-
tally adjacent strings 5610 and 5620, a wiring connector
5640 may be formed to be at least partially buried 1n each of
the strings 5610 and 5620, thereby connecting the channel
connectors 3611 and 5621 of the respective strings 3610 and
5620 to the intermediate wiring layer 5630.

Because matenals respectively constituting the wiring
connector 5640, the channel connectors 5611 and 5621, and
the mntermediate wiring layer 5630 are the same as those of
the wiring connector 3130, the channel connector 3110, and
the intermediate wiring layer 3120 included in the three-
dimensional tlash memory 3100 described with reference to
FIG. 31, descriptions thereol will be omuitted.

FIG. 57 1s a cross-sectional view of the three-dimensional
flash memory of FIG. 54, according to yet another embodi-
ment of the present disclosure.

Referring to FIG. 57, while a three-dimensional flash
memory 3700 has a structure of further including an addi-
tional connector 5730 like the three-dimensional flash
memory 3200 described with reference to FIG. 32, an
intermediate wiring layer 5740 1s shared by horizontally
adjacent strings 5710 and 5720 rather than by diagonally
adjacent strings, as described with reference to FIGS. 34 and
55. Likewise, for the itermediate wiring layer 5740 to be
shared by the horizontally adjacent strings 5710 and 5720,
a wiring connector 5750 may be formed to be at least
partially buried in each of the strings 5710 and 5720, thereby
connecting channel connectors 5711 and 5721 of the respec-
tive strings 5710 and 5720 to the additional connector 5730.

Because matenials respectively constituting the wiring
connector 5750, the channel connectors 5711 and 5721, the
intermediate wiring layer 5740, and the additional connector
5730 are the same as those of the wiring connector 3230, the
channel connector 3240, the intermediate wiring layer 3220,
and the additional connector 3210 included in the three-
dimensional flash memory 3200 described with reference to
FIG. 32, descriptions thereol will be omuitted.

Although the method of manufacturing the three-dimen-
sional flash memories 5400, 5600, and 5700, described with
reference to FIGS. 54 to 57, 1s the same as the method of
manufacturing the three-dimensional flash memory,
described with reference to FIGS. 33 to 53, there 1s a
difference 1n that the intermediate wiring layer shared by the
horizontally adjacent strings rather than by the diagonally
adjacent strings 1s fabricated. Thus, descriptions of the
manufacturing method thereof will be omatted.

Heretofore, although the present disclosure has been
described with reference to particular embodiments 1n con-
junction with the accompanying drawings, 1t will be under-
stood that various modifications and changes may be made
by those of ordinary skill 1n the art without departing from
the spirit and scope of the present disclosure. For example,
even when the described operations are performed 1n a
different order from the described order and/or the described
components such as systems, structures, devices, and cir-
cuits are coupled to or combined with each other 1n different
manners {rom the described manner or replaced or substi-
tuted by other components or equivalents thereof, proper
results may be achieved.
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Therefore, i1t should be understood that other implemen-
tations, other embodiments, and equivalents of the appended
claims also fall within the scope of the appended claims.

The mvention claimed 1s:

1. A three-dimensional flash memory device comprising:

a string that includes a channel layer extending in one

direction and a plurality of electrode layers stacked
vertically with respect to the channel layer;

an upper wiring layer arranged on the string;

at least one itermediate wiring layer arranged between

the plurality of electrode layers through the channel
layer 1n an imntermediate region of the string;

a lower wiring layer arranged under the string; and

at least one connector arranged 1n the at least one inter-

mediate wiring layer and connecting at least two chan-
nel layers to each other, the at least two channel layers
being divided by the at least one mtermediate wiring
layer, and the at least one connector including at least
one of an N- layer and an N+ layer 1n contact with the
at least one mtermediate wiring layer.

2. The three-dimensional flash memory device of claim 1,
wherein the at least one connector includes both the N- layer
and the N+ layer, the N+ layer surrounding the N- layer and
contacting the at least one intermediate wiring layer.

3. The three-dimensional flash memory device of claim 1,
wherein the at least one connector includes the N- layer
surrounded by and contacting the at least one intermediate
wiring layer.

4. The three-dimensional tlash memory device of claim 1,
wherein the at least one connector includes the N+ layer
surrounded by and contacting the at least one intermediate
wiring layer.

5. The three-dimensional flash memory device of claim 1,
turther comprising a substrate including a P type bulk and an
N+ contact, the substrate supporting a bulk erase operation,
and the at least two channels connected to each other by the
at least one connector are connected to the P type bulk.

6. The three-dimensional flash memory device of claim 1,
wherein the at least one connector includes:

the N+ layer deposited under the at least one intermediate

wiring layer; and

the N- layer arranged on the N+ layer and surrounded by

and contacting the at least one intermediate wiring
layer.

7. The three-dimensional flash memory device of claim 1,
wherein the at least one connector includes:

the N+ layer deposited under the at least one intermediate

wiring layer; and

the N- layer surrounded by and contacting both the N+

layer and the at least one intermediate wiring layer.

8. The three-dimensional flash memory device of claim 1,
wherein the upper wiring layer, the at least one intermediate
wiring layer, and the lower wiring layer form an inversely
stepwise shape with extension lengths thereot being ditler-
ent from each other.

9. The three-dimensional tlash memory device of claim 8,
wherein the respective extension lengths of the mmversely
stepwise shape of the upper wiring layer, the at least one
intermediate wiring layer, and the lower wiring layer
decrease 1n the stated order.

10. The three-dimensional flash memory device of claim
8, wherein the upper wiring layer, the at least one interme-
diate wiring layer, and the lower wiring layer are respec-
tively connected to plugs on a same line on a single
substrate.

11. The three-dimensional flash memory device of claim
1, wherein each of the upper wiring layer, the at least one
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intermediate wiring layer, and the lower wiring layer 1s one
of a drain electrode and a source electrode.
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